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Basic Principles of 


Stereophonic Sound 


By WILLIAM B. SNOW 


Stereophonic sound has become of vital importance to industry. The subject 
has been studied for many years, but the published material is scattered. 
This paper summarizes the fundamental theory underlying stereophonic 
sound so far as it has been published, and gives examples of how the theory 
is employed in representative practical situations. Fundamental differences 
between ordinary binaural listening and stereophony are pointed out, as 
well as similarities. It is shown that much qualitative but little quantitative 
information has been reported. Factors which aid some stereophonic effects 
are shown to be detrimental! to others, and methods of minimizing the un- 
desirable conditions are suggested. Applications to recording are discussed. 


I, 1941 K. de Boer wrote: ‘‘When 
the time comes to make use of stereo- 
phonic reproduction in the cinema, in 
broadcasting, etc., and the opinion 
becomes more and more general that 
the improvement in quality so obtained 
is worth the trouble, it will become 
necessary in the first place to find a 
process of making stereophonic records 
on a large scale.”® Although even at 
that time stereophonic reproduction was 
far from new,'*~*! de Boer’s enthusiasm 
for “‘making an orchestra plastically 
audible”’® was shared by only a few. 
Now the time he forecast has finally 
Presented on October 5, 1953, at the So- 
ciety’s Convention at New York by William 
B. Snow, Consultant in Acoustics, 1011 
Georgina Ave., Santa Monica, Calif. 
(This paper was received September 2, 
£953.) 
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come. Stereophonic sound has suddenly 
become of vital concern to the motion- 
picture and sound-recording industries, 
with multiple-channel recording — the 
order of the day. This great upsurge 
of interest encouraged the preparation 
of this review of basic principles, and 
bibliography, as a guide for the large 
number of engineers who must quickly 
put this new technique into everyday 
use. 

Stereophonic reproduction brings a 
truly remarkable increase in the realism 
of the sound and in the pleasure of 
listening to it. In one attempt to 
measure this quantitatively, reported by 
Fletcher,? the observers listened alter- 
nately to single-channel and stereophonic 
reproduction. In the stereophonic chan- 
nels low-pass filters were inserted, while 
the single channel was maintained flat 


567 


on 
| 


to 15 ke. Half of the observers. still 
preferred — stereophonic reproduction 
when the low-pass cutoff was reduced to 
about 5 ke. However, this paper is 
concerned primarily with the mechanism 
of stereophonic sound rather than its 
advantages, which are now so well 
recognized. It is not the purpose here 


As in most new developments, differ- 
ences in nomenclature have arisen which 
tend to obscure precise descriptions of 
systems. ‘The words “binaural” and 
““stereophonic” are those most frequently 
used, but not with uniform meanings. 
This is not a new phenomenon. Alexan- 
der Graham Bell, writing in 1880,' re- 
ferred to the “stereophonic phenomena 
of binaural audition,” in describing 
experiments on the directional sense in 
hearing conducted with his newly 
invented telephone. ‘The following defi- 
nitions apply to the discussions of this 
paper and are limited to electro-acoustic 
sound-reproducing systems: 

Binaural — A system employing two 
microphones, preferably in an artificial 
head, two independent amplifying chan- 
nels, and two independent headphones 
for each observer. ‘This duplicates 
normal listening. 


Stereophonic —- A system employing two 


Outstanding differences and simi- 
larities of the various types of electro- 
acoustic reproducing systems are sum- 
marized in the chart of Fig. 1. The 
“System”? names in column 1 conform 
to a uniform pattern and will be found 
in the literature, except “Monophonic” 
which is used for convenience as the 
opposite of stereophonic. ‘Equivalent 
Normal Experience” refers to the every- 
day hearing experience that most closely 
parallels listening over the systems in 


DEFINITIONS 


ELECTRO-ACOUSTIC SOUND-REPRODUCING SYSTEMS 


to repeat detailed discussions that can 
readily be found in the references. Such 
data are summarized, and additional 
interpretation is provided. ‘The serious 
reader is strongly urged to study the 
references carefully; a good grounding 
in this complicated subject can be 
obtained only in this way. 


or more microphones spaced in front of 
a pickup area, connected by independent 
amplifying channels to two or more 
loudspeakers spaced in front of a listening 
area. This creates the illusion of sounds 
having direction and depth in the area 
between the loudspeakers. 


It is very important to distinguish 
between these systems. A_ binaural 
transmission system actually duplicates 
in the listener’s ears the sounds he would 
hear at the pickup point, and except 
that he cannot turn the dummy head, 
gives full normal directional sense in 
all directions. A  stereophonic system 
produces an abnormal sound pattern 
at the listener’s ears which his hearing 
sense interprets as indicating direction in 
the limited space between the loud- 
speakers. It has been aptly said that 
the binaural system transports the 
listener to the original scene, whereas 
the stereophonic system transports the 
sound source to the listener’s room. 


question. The next four columns are 
obvious. The column “Direct Sound 
Reproduction of Single Source Pulse” 
is probably the most important, since 
it gives the basic differences between 
the sound produced by the various 
systems. If a single sound pulse is 
produced by the source, this column 
gives the characteristics of the resulting 
direct sound pulses at the observer’s 
ears. The direct sound is the initial 
sound transmitted directly from source 
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to observer by the shortest path, and 
arriving before any reflected sound 
arrives. It has been found that the 
direct sound carries the information, 
making angular perception possible, 
and it will be referred to frequently in 
what follows. Reverberant sound ar- 


rives from many angles and confuses 
the directional perception if too great 
in intensity. The ‘‘Remarks” column 
gives qualifying comments concerning 
the sound reproduction of each system. 
The reasoning behind these remarks is 
given in the body of the paper. 


BINAURAL REPRODUCTION 


Binaural reproduction as used herein 
means ordinary two-ear listening since 
the reproducing system transmits a 
faithful copy of the original sound to the 
listener's ears. 


Angular Localization 

The properties of hearing which give 
the directional sense in binaural listening 
have been studied extensively."-'* For 
pure tones, angular localization is pro- 
duced partially by phase differences at the 
two ears caused by the difference in 
distance from source to the ears as the 
source angle changes. The phase effect 
becomes ambiguous somewhat above 
1000 cycles because at short wavelengths 
more than one angle results in the same 
phase difference. However, in the 
higher-frequency region intensity differ- 
ences produced by the diffraction or 
sound-shadow effects of the head and 
external ears become great enough to 
give angular localization. 

The great majority of sounds are not 
pure tones, but complex. For complex 
sounds the equivalent effects are arrival 
time and quality difference. A complex 
wave pulse has an initial wavefront which 
arrives at the near ear a short time before 
it arrives at the far ear. It is this small 
time difference which is used by the 
hearing sense to determine small angular 


variations, particularly for sounds neat 


the median plane (straight ahead). It 
is characteristic to turn toward a source 
to locate it with maximum precision, 
and for impulsive sounds such as speech 
or clicks, differences as small as 1° to 


Snow: 


2° can be perceived. These angles 
correspond to arrival-time differences 
of about 10 to 20 usec, and the maximum 
possible difference, for a source in line 
with the two ears, is only about .700 
usec. ‘The loudness differences at such 
small angles are negligible and it must 
be assumed that the arrival-time differ- 
ences give the localization clues. On 
the other hand, it is not possible for the 
mechanism of a single ear to distinguish 
such short time intervals"; this “‘de- 
coding” of the arrival time differences 
must be accomplished by the brain. 
The arrival-time effect is aided by 
the quality differences at the ears caused 
by sound diffraction. Quality differ- 
ence is another way of saying that a 
change in waveshape is produced. ‘The 
intensity differences due to diffraction 
are functions of frequency and cause a 
have different 
composition or 
quality at each ear. It is undoubtedly 
this effect which removes ambiguities in 
from 


complex sound to 


frequency-intensity 


direction which would result 
arrival time alone, because the diffrac- 
tion effects are so complicated that a 
given quality difference can correspond 
only to one direction. Quality differ- 
ences also change most rapidly near the 
median direction; consequently, angular 
localization is much less precise at the 
side than in front or back. 

both 


quality are relatively small as a source 


Changes in arrival time and 


front of observer. 


ability to 


is elevated in 
Therefore distinguish 
angle in the vertical direction is rela- 


tively poor. 
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The statement is made in Fig. 1 that 
the observer cannot turn to face the 
source. While systems have been 
constructed with servo connections be- 
tween observer and dummy,’ thereby 
improving localization, this is not prac- 
ticable for a system used with multiple 
observers, or with a recording link. 


Depth Localization 


Perceiving the position of a sound 
source in space involves the determina- 
tion of distance as well as angle. The 
ear has no mechanism corresponding to 
that of the eye for converging on the 
source, and must depend on less definite 
clues. In the absence of reverberation, 
the only information given is intensity 
and quality. From past experience the 
ear can form an approximate idea of 
distance from its interpretation of the 
absolute loudness of a sound, and from 
its judgment of quality differences 
produced by atmospheric absorption. 
These comparisons are made with a 
mental image of what the sound should 
be. In the presence of reverberation,” 
the ear can judge distance based on 
the ratio of direct to reverberant sound. 
Since neither of these methods is precise, 
judgment of distance is much less 
accurate than perception of angle. 
Probably everyone has had the ex- 
perience of badly misjudging the distance 
of a sound heard for the first time, 
whereas no difficulty was experienced in 
determining its direction. 
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Fundamental Difference from 
Stereophonic Sound 


This discussion of the determining 
phyrical factors underlying ordinary 
binaural hearing has been given at some 
length to lay a foundation for the dis- 
cussion of those underlying stereophonic 
reproduction. There are basic differ- 
ences which have been almost universally 
overlooked. When this confusion is 
cleared up, stereophonic reproduction 
can be used with much greater ease and 
satisfaction. 


‘1 Microphone 


Pseudo or 
bridged 
stereophonic 


Snow: Stereophonic Principles 571 


% | 
| 
2 
e || | 
4 
| 
| 
| 
| 
| 
| || 
} 
| | 
i 
| 
| 
| 
| 
ak 
| 
| 
| | 
e 
| 
| 2 
| 4 
| 


~ 


Fig. 2. Ideal stereophonic system. 


Fundamental Process 


Publications. Good summaries of stereo- 
phonic sound are given by Frayne and 
Wolfe™ and Knudsen and Harris.” Only 
a few reports on the fundamental 
principles of stereophonic reproduction 
have appeared in the literature*.*.%17.7,%9 
and these do not discuss identical 
operating systems. ‘The Bell System 
tests and those at Twentieth Century- 
Fox Studios were made with widely 
spaced microphones, whereas scientists 
of the Philips Company employed closely 
spaced microphones, usually in an 
artificial head. It is unfortunate that 
additional fundamental tests made at 
Bell Telephone Laboratories were never 
reported in technical journals because 
of the press of other work and the advent 
of the War. In spite of this, we believe 
it is possible to understand the principles 
qualitatively, if not fully on a quanti- 
tative basis, and that the results so far 
published are for the most part consistent. 


572 


OBSERVERS 
| PULSE TO EACH EAR 
A very large number of very small microphones 
and loudspeakers would give a perfect reproduction of the original sound. 


STEREOPHONIC REPRODUCTION 


SOURCE 
DIRECT SOUND PULSE 
SCREEN OF MICROPHONES 


INDIVIDUAL POINT-SOURCE 
SOUND PULSES 


SINGLE RESULTANT 


Screen Analogy. It has become cus- 
tomary to describe stereophonic re- 
production as follows: A screen con- 
sisting of an extremely large number of 
extremely small microphones is hung 
in front of the sound source. Each 
microphone is connected to a_ corre- 
sponding extremely small loudspeaker 
in a screen of loudspeakers hung before 
the audience. Then the sound projected 
at the audience will be a faithful copy 
of the original sound and an observer 
will hear the sound in true auditory 
perspective. It is then stated that 
such an impractically large number of 
channels is not needed and that good 
auditory perspective can be achieved 
with only two or three channels. These 
are true statements, and the natural 
inference from their juxtaposition — is 
that far less than faithful “space” re- 
production of sound will give localiza- 
tion by ordinary binaural mechanisms. 
When we proposed this theory early in 
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3 DISTINCT SOUND 
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Fig. 3. Actual 3-channel stereophonic system. A practical stereophonic system gives 
a multiple reproduction of the original sound which the observer interprets as com- 


ing from a single source. 


our studies of stereophonic phenomena, 
we realized that there were fundamental 
differences which were not fully under- 
stood, and pointed out the multiple 
effect. in connection with our 
loudness calculations.*.7 Apparently 
this has not been sufficiently emphasized. 
The experience of the intervening twenty 
years has convinced this writer that 
this natural inference is mistaken, and 
has caused the confusion postulated in 
the previous section. 

The myriad loudspeakers of the screen, 
acting as point sources of sound identical 
with the sounds heard by the micro- 
phones, would project a true copy of the 
original sound into the listening area. 
The observer would then employ ordinary 
binaural listening, and his ears would 
be stimulated by sounds identical to those 
he would have heard coming from the 
original sound source. As shown in 
Fig. 1, this means one direct-sound pulse 
to each ear for a single pulse from the 


source 
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source. The phenomena are illustrated 


schematically in Fig. 2. 


Operating Conditions —— Illusion Created. 
Figure 3 illustrates the conditions for a 
typical setup where only three channels 
are used. ‘This arrangement does indeed 
give good auditory perspective, but what 
has not been generally appreciated is 
that conditions are now so different 
from the impractical “infinite screen” 
setup that a different hearing mechanism 
is used by the brain. Each individual 
loudspeaker sends a pulse to the observer. 
He therefore receives three faithful copies 
of the sound at eavh ear in rapid succes- 
sion. The time differences between 
these pulses are too short to allow the 
ear to distinguish them as separate; 
consequently the hearing mechanism 
fuses them” into an i//usion of a single 
sound pulse coming from a virtual sound 
source located somewhere in the space 
between the outer loudspeakers. The 
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time differences are short, but still long 
compared to the maximum of 700 psec 
to which the ears are accustomed in 
normal listening. Thus this type of 
listening falls outside of normal ex- 
perience, but fortunately the brain is 
able to form a single concise impression 
from what might be expected to be a 
confusing set of signals sent by the ears. 

The closest parallel is reverberation. 
But while there are distinct similarities, 
the direct-sound pulses arrive 
ahead of any reflections other than the 


three 


floor reflections which do not have 
individual directivity. In addition, they 
are separate and distinct, of high 


fidelity, and in a compact directiye 
pattern. The reverberation follows as 
a “smear” of echoes of random direc- 
tivity, and does not create a virtual 
source illusion. 

The problem, then, in stereophonic 
reproduction is to produce multiple 
sound images at the ears of the observer 
which will fuse in such a way as to give 
the desired alusion of sound origin. 


Angular Perception 


Intensity Differences. What are the 
characteristics of the direct-sound pulses 
which cause them to give the observer 
the sensation of angular localization of 
the virtual source? The most obvious 
difference is intensity of sound pro- 
jected by the several loudspeakers. 
These differences are caused by the 
varying distances of the source from the 
various microphones. When the source 
moves Close to a microphone the output 
of the corresponding loudspeaker is 
greater than that of the other loudspeak- 
ers, and localization tends in its direction. 
The virtual’ source therefore moves in 
the same direction as the real source, 
and with proper system design can be 
made to have essentially proportional 
movement. In the original paper” 
Dr. Steinberg and this writer discussed 
this in detail and proposed a theory jor 
the effect of these intensity differences, 
based upon the total loudness that 
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would be produced in each ear by the 
total direct sound from all loudspeakers, 
taking into account the directivity of 
hearing caused by the shape of the head. 
While the agreement between the theory 
and experimental results was by no 
means perfect and the differences were 
pointed out, the theory did appear to 
account for the main effect. This 
theory has been questioned by other 
experimenters, principally, it is believed, 
because of the common confusion be- 
tween the mechanisms of ordinary bin- 
aural hearing and stereophonic hearing 
which the discussion above should have 
now dispelled. 

While a true understanding of the 
process is highly desirable, for the 
purposes of this paper it is not neces- 
sary to be certain of the precise physio- 
logical and psychological mechanisms 
involved. It is well established that 
intensity differences in the channels 
are an extremely important contributor 
to angular perception. With positions 
of source and observer fixed so that all 
other factors are constant, variation of 
the gain controls in the channels can 
shift the virtual source to any angular 
position in the reproducing area. ‘This 
is true for any combination of source and 
observer positions. In practice this is 
important because gain is easily con- 
trolled, to correct faults in pickup, or 
to enhance angular movement. The 
bridged-microphone system of Fig. 1 
operates on this basis, since the only 
differences that can be given the loud- 
speaker outputs must be obtained from 
electrical controls in the channels. As 
this is written, many pictures are being 
made ‘“‘stereophonic” by the use of 
volume controls in bridged channels 
from sound tracks originally recorded 
for single channel or ‘‘monophonic” 
reproduction. The pseudo-stereophonic 
system has its place; but it is not a 
satisfactory substitute for a real stereo- 
phonic pickup. It does not have the 
benefit of the other aids to angular or 
depth perception described below; and 
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in particular it can be used on only a 
single source at one time, so that an 
individual source and “pan-pot’’ must 
be supplied for each sound. 


Quality Differences. Uf the microphones 
have varying directivity with frequency, 
there are quality differences as well as 
intensity differences in the channels as 
the source moves. Angular localization 
is definitely affected by this. It has 
been found that the higher frequencies, 
where the head has relatively high 
directivity, contribute most to stereo- 
phonic localization. Localization tends 
toward the loudspeaker giving greatest 
high-frequency output, if the overall 
loudness is the same. 

The very low frequencies contribute 
essentially nothing to stereophonic locali- 
zation. For example, poor localization 
results if 1000-cycle low-pass _ filters 
are inserted, and no difference in locali- 
zation is produced by eliminating fre- 
quencies below 300 cycles. It has been 
found*.".” that much of the stereophonic 
effect is preserved if low frequencies are 
reproduced from only one low-frequency 
unit and side channels reproducing only 
frequencies above 300 cycles are em- 
ployed. This is of great practical value 
for economical stereophonic reproduction 
such as home music systems. For the 
flexibility and high fidelity demanded by 
motion-picture and auditorium repro- 
duction its use appears questionable 
until a great deal more study of it has 
been reported. The Philips tests!® em- 
ployed microphones a small distance 
apart; with widely spaced microphones 
characterizing the practice this 
country serious pickup difficulties can 
be foreseen, as well as ‘“‘crossover”’ 
complications in the loudspeaker sys- 
tems. For “special effects loudspeakers,” 
however, the low frequencies do not 
appear necessary if the main object 
is to obtain localization. 


Arrival-Time Differences. Another phe- 
nomenon affecting angular localization is 
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the change in arrival time of the direct- 
sound pulses from the several loudspeak- 
ers as the source moves upon the stage. 
These differences were mentioned above. 
and were shown to be considerably 
greater than those ordinarily encountered 
in simple binaural hearing. For 
example, in Fig. 3 the right and left 
channels reproduce sound pulses from the 
source later than the center channel by 
time intervals corresponding to distances 
a and b, respectively. The observer does 
not recognize the three pulses as distinct. 
However, it has been shown" that 
localization tends towards the loud- 
speaker which reproduces the earliest 
pulse. These effects have been called 
“Fusion” and the “Precedence Effect” 
by the authors of Ref. 17, who give a 
clear and detailed discussion of their 
relation to stereophonic reproduction. 
Qualitatively their discussion applies to 
stereophonic reproduction in general, 
but the precise data on precedence is 
limited to time differences of 2 msec 
or less, whereas common. stereophonic 
conditions produce differences much 
greater than this. ‘The following quali- 
tative statements are deduced from 
this writer’s own experience : 

(a) The effect of arrival time is to 
make localization tend toward the loud- 
speaker from which the pulse arrives 
first. 

(b) This effect is strong 
differences, say up to 3 or 4 msec, and 


for small 


tends to become weaker for greater 
time differences. 
(c) The effect is relatively inde- 


pendent of where the differences are 
produced, whether on the pickup stage. 
in the listening room, or in the re- 
producing channels. Therefore differ- 
ences in one section add to those in 
another, or can be made to compensate 
each other. 

(d) These effects can be largely 
compensated by intensity or quality 
differences inserted in the channels, for 
any one observing position. 


This effect acts to reinforce the 
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intensity effect for movement on_ the 
pickup stage. As a source moves toward 
a microphone the arrival time is ad- 
vanced at the same time that intensity 
is increased. This is one of the important 
factors not duplicated by the bridged 
system. An interesting application is 
described by Grignon™ in the triangular 
microphone arrangement for assuring 
center localization while maintaining 
stereophonic quality for a soloist or small 
source. Here the small advance of 
arrival time on the center microphone 
holds localization to the corresponding 
loudspeaker. 

Reverberation. fourth factor that 
might contribute to angular localization 
is ratio of direct to reverberant sound. 
Experience has shown, however, that 
it plays a very minor part in angular 
localization. 


Dynamic Localization. Moir and Leslie" 
provide a very interesting observation 
on localization, as follows: dynamic 
localization of a source appears to be 
appreciably more accurate than 
shown by the data obtained from 
localization tests on a stationary source. 
This applies to all variations of two- and 
three-channel systems that we have 
compared.” 


Depth Perception 


Depth perception stereophoni« 
reproduction is controlled by essentially 
the same factors as in ordinary binaural 
listening described above, viz.: absolute 
intensity, quality, and ratio of direct to 
reverberant sound.” As the sound in- 
tensity decreases, the impression is 
produced of the sound moving away. 
The same illusion accompanies a relative 
loss of high frequencies. The most 
important contributor to the feeling of 
depth, however, is change in the ratio 
of direct to reverberant sound on the 
pickup stage. As the reverberant energy 
becomes more prominent, the source 
appears to recade on the virtual stage. 
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In practice the microphones are closer 
to the sound sources than listeners would 
be, and changes in direct-to-reverberant 
sound ratio can be heightened to give 
more definite impressions of depth on a 
virtual stage than are created on a real 
stage. This can be seen in Fig. 1 of 
Ref. 27. As in ordinary listening, how- 
ever, depth localization is less precise 
than angular localization. 


Effect of Observer Position 


Up to this point, for the sake of sim- 
plicity, the paper has been written as 
if all observing positions were equally 


good. Actually this is far from the case, 
as all experimenters have pointed out. 
From the standpoint of the practical 
use of stereophonic reproduction in the 
theater, this is a truly serious problem. 
Here the very factors which produce the 
stereophonic effect prove a disadvantage 
in some aspects, and measures must be 
taken to compensate them. 


Source Position Shift as Observer Moves. 
The effects so far described characterize 
listening at the position of Fig. 3, or 
other listening positions on the center 
line where the distances to the side loud- 
speakers are equal. They also apply to 
other observing positions qualitatively, 
but as the observer moves away from 
the center large shifts of virtual source 
position may occur. The stereophonic 
feeling of spaciousness is preserved, and 
virtual sources continue to move, but 
they are not localized at the same place 
on the stage by all listeners as they 
would be on a real stage. 

Figure 4 illustrates what is happening, 
for a source at center of the pickup stage, 
and a typical setup. Observer 1 receives 
identical direct sound pulses from the two 
side channels. Even here, however, 
the center-channel sound arrives slightly 
ahead of that from the sides, and at 
greater amplitude. In_ practice, the 
center channel is operated at lower 
gain than the side channels to correct 
for this. 
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Fig. 4. Effect of changing listening location. 


As the observer moves away 


from the center-line of the auditorium the sound from the “near” loudspeaker 
increases in intensity and decreases in relative arrival time, making the vir- 


Observer 2 at the right receives pulses 
from the three loudspeakers with the 
relative times and intensity levels shown. 
It is seen that the righthand loudspeaker 
now contributes both a more intense 
signal and an earlier signal than before; 
and both of these effects are known to 
make localization tend in its direction. 
This is indeed the case, and as the 
observer moves to the right the virtual 
source position moves in the same direc- 
tion. Note that the differences in time 
are several milliseconds. Qualitatively 
(again based upon personal experience) 
it is found that a considerable shift 
takes place for small observer deviations 
from the center, where relative intensity 
changes are srnall. These myst be 
ascribed to changes in arrival time. 
For any given observer position these 
shifts can be compensated by changes 
in channel gains, and appear to become 
relatively constant at anything over a 
few milliseconds. Obviously the effects 
of intensity increase can be overcome 
by unbalancing the channel gains. 
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tual source shift in the same direction. 
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Methods of Reducing Shifts. The patent 
of Ref. 41 contains a suggested method 
of alleviating these troubles. The loud- 
speakers would be so designed as to 
project a delayed signal and one of re- 
duced intensity in the forward direction 
compared to the side directions. This 
would tend to equalize conditions for the 
various observing positions. 

Suppose that observer 2 remains at 
the right while the source moves to the 
left. The intensity increases in the left 
channel, but more important the arrival 
times become more nearly equalized, 
and the virtual source moves toward 
the left. Only the intensity change is 
duplicated in the bridged channel, so 
that there is definite advantage in the 
real system considering all observing 
positions. If the source moves to the 
right, the arrival time disparity is ag- 
gravated; but since there appears to 
be a limit to the effect of arrival time 
this negative effect is smaller than the 
positive advantage for movement to the 
left, and an overall gain results. 
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If the observer turns his head to follow 
movement of the virtual source, the 
effect is to oppose the movement, since 
the ear on the side of the head in the 
direction of movement in effect turns 
away from the loudspeaker of increasing 
intensity, and the opposite ear turns 
toward the loudspeaker of decreasing 


The practical art of applying stereo- 
phonic reproduction for public use is 
now building up rapidly, and many 
papers may be expected in the future. 
The various references contain data on 
the small number of tests made previous 
to 1952, notably Ref. 39 in which Grig- 
non describes tests specifically designed 
to determine techniques applicable to 
motion-picture production. ‘The present 
paper is concerned primarily with the 
underlying principles, but it seems useful 
to give some illustrative examples of 
how they are used. ‘These examples 
are primarily of situations with which 
the author has had personal experience. 


Number of Channels 


The number of channels will depend 
upon the size of the stage and listening 
rooms, and the precision in localization 
desired. ‘Two channels give a large 
measure of the spacious effect desired for 
stereophonic reproduction, and will give 
fairly accurate localization for a small 
stage. Such a system on an ordinary- 
sized stage will give quite different 
localization impressions to observers in 
different parts of the auditorium, and is 
apt to suffer from the “‘hole-in-the- 
center” effect where all sounds at center 
stage seem to recede toward the back. 
Nevertheless, for a use such as‘rendition 
of music in the home, where economy 
is required and accurate placement of 
sources is not of great importance if the 
feeling of separation of sources is pre- 
served, two-channel reproduction is of 
real importance. 

That this is true is borne out by the 


APPLICATION OF BASIC PRINCIPLES 


the 
move “too fast” toward the microphone 


intensity. Since sound tends to 


being approached because of the com- 
bined effects of intensity and arrival 
time, this is an advantageous compensat- 
ing factor, considering all seats in the 
auditorium. 


current sponsored programs being broad- 
cast by radio stations in various parts of 
the country using the FM_ transmitter 
for one channel and the AM transmitter 
for the other. Experience with this 
service in the writer’s home has demon- 
strated the great increase in enjoyment 
it provides. Various methods for utiliz- 
ing a single carrier for this type of broad- 
casting have been proposed,”.”.” using 
upper and lower sidebands separately, 
simultaneous AM and FM modulation, 
and modulating one channel on a sub- 
carrier which is then modulated with 
the other channel on a regular FM 
transmitter. For such service the idea 
of supplying only one low-frequency 
loudspeaker appears important. It is 
well to recognize that a poor crosstalk 
ratio between channels in such a stereo- 
phonic system is not serious, because 
the relative intensity levels in the two 
channels never become greatly different. 
Thus systems which could not be con- 
sidered for separate programs may be 
usable for stereophonic reproduction. 
Three channels appear to be a good 
economic choice for ordinary stages and 
auditoriums. Good accuracy of locali- 
zation can be achieved for favorable 
observing positions, with reasonable 
results at other seating locations. The 
center channel is a great aid for solo 
and close-up work, as well as removing 
the “hole-in-the-center” effect men- 
tioned above. For unusually wide 
stages, additional channels have been 
found necessary.“ At present it may 
be taken as a rule of thumb that addi- 
tional channels should be considered 
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at 2 


when stage dimensions require channels 
spaced more than 25 ft on centers. 


Loudspeakers 


Placement. Loudspeaker placement is 
straightforward if considered for sound 
alone. The outside loudspeakers are 
placed at the outside edges of the space 
considered the reproducing stage, since 
sound cannot be made to travel past 
the outside speakers. The center, or 
other loudspeakers are placed at uni- 
form spacing across the stage. It was 
stated that the close microphone position 
ordinarily used makes it possible to en- 
hance depth effects. The source can 
therefore be made to appear in front of 
the loudspeakers, and they may be placed 
a few feet back of the front of the stage. 
In the Bell System demonstration at 
Carnegie Hall in 1940, the outside loud- 
speakers were spaced 40 ft on centers, 
and the front of each loudspeaker was 
11 ft back of the decorative sound- 
transparent front curtain.** This cur- 
tain was illuminated in various simple 
color patterns during the performance, 
an artifice which adds enjoyment when 
no picture accompanies the sound. 

For sound-picture reproduction, the 
effect of the picture is great, and the 
precision of localization required is 
smaller. If the sound tends to be in 
the region of the visible source, it wiil 
be localized there. Consequently here 
it zs possible to create the illusion of 
sound outside the farthest loudspeaker. 

When the stereophonic system is used 
for sound reinforcement serious difficulty 
may be experienced in placing the loud- 
speakers where they will not obstruct 
the view. Fortunately here, also, the 
source is visible. In addition, it was 
shown that localization in the vertical 
plane is poor. The loudspeakers can 
therefore be placed above or below the 
stage level without loss of illusion pro- 
vided high fidelity of reproduction is 
maintained. It is also sometimes pos- 
sible to use a smaller loudspeaker in the 
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central positions, without full low-fre- 
quency response, to give proper localiza- 
tion. One of the most successful stereo- 
phonic reinforcement systems was tested 
in the Hollywood Bowl in 1936, where 
the loudspeakers were mounted on a 
platform 45 ft above the stage level. 
The system supplied almost uniform 
sound level throughout the seating area, 
and considerable amplification even 
for the closest seats. Nevertheless the 
illusion that the sound came directly 
from the orchestra in the shell was 
excellent. To preserve a good illusion 
the loudspeakers should have approxi- 
mately the same spacing as the channel 
microphones. 


Characteristics. Since the illusion is 
caused by the receipt of multiple sound 
pulses, and in view of the observer- 
position effects discussed above, it is 
important that the loudspeakers give 
uniform angular coverage of the whole 
seating area. Actually, according to 
the disclosure of Ref. 41, greater energy 
should be supplied to seats at the side 
than to those in front of a loudspeaker, 
the inverse of the ordinary loudspeaker 
directional characteristic. Some toeing- 
in of the outside loudspeakers will help 
the average situation. In addition to 
these factors, de Boer* also recommends 
minimizing sound projection to areas 
outside the audience to reduce wall 
reflections, and maintaining the quality 
of the several channels above 300 cycles 
as alike as possible. Quality differences 
will be interpreted in the stereophonic 
illusion as differences in direction. 


Bridged Loudspeakers. It is possible to 
bridge a center loudspeaker across the 
outside channels, which has the effect 
of reducing the apparent stage width.*-”” 
This would be useful if it were impossible 
to place the side loudspeakers as close 
together as desired. It would be subject 
to the limitations of bridged systems 


already pointed out. 
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Microphones 


Placement. Microphone placement may 
be simple or complicated, depending 


on the application. From what has 
been said, it will be evident that creating 
the stereophonic illusion is a compromise 
between favorable and unfavorable fac- 
tors, and microphone placement and 
movement can be used to advantage in 
effecting this compromise. the 
illusion upon differences in 


intensity and arrival time at the micro- 


Since 
depends 


phones, and change in ratio of rever- 
berant to direct sound, the microphones 
must be placed close enough to the 
sources to create 
This that microphone 
“covers” only part of the stage and will 
be closer than fixed microphones placed 
for single pickup. If pickup of action 
is necessary in a room where ordinary 


these differences. 


means each 


reverberation times obtain, the necessity 
of close pickup is apt to accentuate depth 
effect, and require a small stage area. 
Then dimensions are multiplied if a 
larger reproducing stage is used, and 
the speed of movement oa the pickup 
stage must be slowed by an appropriate 
factor. Conversely, if the action de- 
mands a large stage, special microphone- 
handling — techniques 
described by 
be 


those 
Grignon™ will probably 
A good combination is 
a dead stage in which a set of the size 
that will accommodate the action can be 
constructed with the proper combination 
of “flats” to give a_ reflected sound 
content that will produce the desired 
depth illusion. 


such as 


necessary. 


The motion-picture industry is rapidly 
developing the art of microphone move- 
ment for stereophonic recording where 
action and movement of camera are all- 
important. For other stereophonic pick- 
up, such as music, radio plays or sound 
reinforcement, fixed microphone posi- 
tions aided by some mixed-in special 
pickups will usually suffice. ‘The regular 
microphones are deployed in front of the 
stage. If all action is at front stage, the 
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outside microphones should be at the 
outside edges. However, to secure the 
illusion of action on a rectangular stage 
requires a greater stage width at the 
rear line than at the front (Fig. 6 in 
Ref. 27), and some compromise must be 
made; so the side microphones are 
usually placed somewhat inside the edges. 
This is particularly true of a two-channel 
system where a compromise between 
“hole-in-the-center” sound well- 
spread sound must be effected. In this 
connection, a bridged center microphone 
is frequently used and does fill up the 
hole for center observing _ positions. 
However, it obtains this effect by adding 
sound to the side channels at advanced 
arrival time, thus aggravating the shift 
of the virtual source as the observer 
moves to the side of the auditorium. 

After considerable experimentation, 
the microphones for the Philadelphia 
Orchestra recordings demonstrated by 
the Bell System in 1940 were suspended 
10 ft above the stage and 5 ft inside the 
front row of musicians. The orchestra 
width was about 40 ft and the outside 
microphones were 28 ft apart. For 
small stages with actors, good results 
were obtained with a 12 ft square stage 
in a very dead room, using two micro- 
phones 9 ft apart and 5 ft from the front 
of the stage. In a rather reverberant 
medium-sized room a stage 15 ft wide 
by 6 ft deep, using three channels, with 
the microphones on 6-ft centers and 4 
ft from the front line, proved satis- 
factory. In this case, note the shallow 
depth dictated by the reverberation in 
the room. 


Directivity. Directive microphones can 
frequently be used to advantage. Since 
to produce an angular illusion it is 
necessary to generate intensity differ- 
ences in the channels, a study of the 
geometry will show that greater move- 
ment is required at the rear of the pickup 
stage than at the front to produce a 
given angular impression. If the micro- 
phones are directive, greater intensity 
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changes will occur as a source moves 
across the stage from the lobe of one 
microphone into that of another, and 
the rear line will be shortened. At 
the front line the directivity effect may 
be so great that the sound appears to 
recede between microphones. Experi- 
ment has shown that with moderate 
directivity, and by toeing in the lobes 
of the side microphones somewhat, an 
advantageous compromise between these 
two effects can be made and_ better 
overall coverage of a rectangular stage 
obtained. 

This effect may be obtained with 
microphones of uniform directive proper- 
ties, such as the cardioid types, or with 
the directivity only at high frequencies 
characteristic of a relatively large con- 
denser or dynamic microphone at normal 
incidence. The latter will give accen- 
tuated) directional effects with less 
change in overall loudness. — Here 
directional effects are really quality 
changes. While in monophonic re- 
production these quality changes would 
be objectionable, in stereophonic work 
the listener’s fused impression consists 
of the contribution from several sources 
and the source is always in the direct 
lobe of one microphone. If the normal- 
incidence characteristic of the micro- 
phone is considered in overall system 
performance, the fidelity will remain high 
from all source positions. 

The elimination of pickup from be- 
hind the microphones is a_ definite 
advantage in most cases. Obviously it 
eliminates noise. But it also eliminates 
part of the reverberation, and since most 
stages have more than the desired re- 
verberation ratio for the physical depth, 
this is an advantage. 


Reverberation. A pickup problem which 
has received little study as yet involves 
the adaptation of the reproduction to 
the listening room. The concept for 
reproduction in a theater or concert 
hall appears straightforward. To get 
good localization requires close pickup, 
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and therefore the radiated sound ap- 
proaches in quality the direct sound 
that would have been projected into the 
theater by a live (if gargantuan-voiced) 
performance. The theater then applies 
its own acoustical characteristics to the 
sound. In broadcasting and phono- 
graph reproduction, however, listening 
is usually done in small, rather heavily 
damped rooms, and monophonic micro- 
phone techniques have been worked 
out to give a pleasing amount of re- 
verberation from the pickup stage. 
Without doubt, some way will have to 
be found to produce a similar effect in 
stereophonic reproduction with the closer 
pickup required. 


Bridged Microphones. Since channels 
are expensive and the complications 
grow with greater numbers, it is tempting 
to use bridged microphones to simplify 
the system. If this technique is used 
with restraint to gain additional realism 
in reproduction, it can be extremely 
useful. If it is used in the hope that 
it will be a cheap way of duplicating the 
performance of a more elaborate system, 
the results are bound to be disappoint- 
ing. ‘The tests reported in Fig. 1 of 
our original article?” demonstrate this 
and are worth careful study. Discussion 
offered above explains why such tech- 
niques cannot be expected to duplicate 
real stereophonic channels. 

An example of a useful application 
of the bridged microphone is its use to 
emphasize a small group of instruments 
in an orchestra, when the overall pickup 
is Satisfactory in other respects. This 
was employed in the Hollywood Bowl 
demonstration® where one extra micro- 
phone was used continuously on_ the 
right channel, and others were employed 
during special parts of the performance. 
In monophonic systems multiple micro- 
phone pickup often leads to poor fidelity 
because of cancellation between the 
signals from the microphones in specific 


frequency regions. In stereophonic 


| 


systems this effect is ameliorated because 
sound is fused from several sources. 

When a solo instrument or voice is 
to be employed with an_ orchestra, 
separate pickup is very effective. The 
microphone should be arranged to pick 
up as little as possible of the orchestra, 
and the output should be mixed into 
the orchestra channels to give the 
localization desired. By far the best 
result will be obtained if the three- 
microphone triangular pickup described 
by Grignon*®” is used. The soloist will 
then be localized by substantially the 
whole audience at the desired location 
and the realism will be enhanced over a 
single microphone pickup. 


Amplifiers 


Amplifiers for use in stereophonic 
systems do not differ from those of mono- 
phonic systems except in number. ‘The 
characteristics of the amplifiers in the 
various channels should similar, 
and the gain should be stable so that 
no undesired level differences will 
occur. It is usually found desirable 


APPLICATION 


The general principles of stereophonic 
sound apply to reproduction whether 
it is from recordings or from direct 
transmission by wire or radio. Re- 
cording has problems of flutter and 
maintenance of time differentials be- 
tween channels peculiar to itself, and 
in general yields more severe technical 
problems in maintaining low noise 
and distortion. Yet it is certain that 
the great bulk of listening hours will be 
provided by recorded material. The 
effect of such distortions in stereophonic 
recording is therefore of great im- 
portance. 


Distortion 


The consensus of reported opinion in 
the literature is that stereophonic re- 
production reduces the objectionableness 


TO RECORDING 


to have a ganged volume control which 
will adiust the overall level, and an 
individual control in each channel for 
balance or intentional unbalance set- 
tings. Similar provisions for quality- 
changing networks are desirable. If 
bridging systems. are to be used proper 
networks and bridging amplifiers must 
be provided to insure that signa!s flow 
only in the desired directions, and in- 
advertent gain changes are not made 
during switching. It is also good prac- 
tice to observe a_ poling convention 
throughout all channels, including the 
microphones and loudspeakers, although 
the channel spacings are so wide that 
only very low frequencies can be con- 
sidered at other than random phase in 
one channel compared to another. 

As a matter ef economics, it is probably 
true that the added complication of 
stereophonic reproduction will be em- 
ployed only for high-fidelity repro- 
duction. Consequently the amplifier 
systems will require the same care in 
design and attention to detail that is 
required to secure high fidelity in mono- 
phonic systems. 


of distortion noise."* This un- 
wieldy word is used because no test 
data are available to show whether 
the distortions become less detectable 
by the observer, or whether he is willing 
to overlook more distortion because of 
the increased pleasure of listening pro- 
vided by stereophonic sound. Doubtless 
both reasons are true in part. ‘The 
most outstanding example of the latter 
is the preference of observers for stereo- 
phonic sound, even though seriously 
degraded in frequency band. 


Subtractive Type. It seems probable 
that distortions of a “subtractive” nature 
are actually less detectable. A dip in 
response of a single loudspeaker, or the 
equivalent caused by cancellation be- 
tween two microphones on the same 
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channel, will not be so noticeable if 
sound contributions from other channels 
not so distorted are being fused with the 
distorted signal. 


Flutter. By similar reasoning, it seems 
probable that flutter will not be as 
noticeable on stereophonic reproduction. 
It is well established” that small fre- 
quency variations in the signal are 
turned into much larger amplitude 
modulations by the sharp resonances of 
the listening auditorium, and these are 
detected by the ear. Each channel 
will excite a different resonant pattern 
in the room. The fusion effect should 
therefore reduce the resultant modula- 
tion at the ear, with consequent re- 
duction in flutter sensitivity. 


Additive Type. It does not seem likely 
that the actual detectability of “additive” 
effects such as noise and distortion- 
product frequencies would be decreased 
by stereophonic reproduction, but their 
degrading effect does seem to be lessened. 
In monophonic reproduction any noise 
(distortion products are equivalent to 
noise) competes directly with the signal 
for attention whereas in stereophonic 
reproduction the directional illusion 
separates noises and program in space 
and allows the observer to concentrate 
more on desired sounds. Moir and 
Leslie’ report a 12-db improvement in 
signal-to-noise ratio “due to the ears’ 
steerable directivity pattern.” 


Channel Differences 


Quality. For ideal results the quality 
of the various channels should be 
identical. Differences in quality will 
show up as differences from 
localization. On the other hand, a 
stereophonic effect will be preserved 


desired 


even with fairly large differences in 


quality. Consequently, in practical 
operation the attention now given to 


maintenance of uniform frequency re- 


sponse in high-fidelity monophonic sys- 
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tems will be adequate for the channels 
of stereophonic recording systems. 


Level. The level difference between 
channels should be kept small, but the 
requirement does not seem inordinately 
difficult. A 2-db unbalance between 
the channels of a two-channel system — 
the most critical case — would shift the 
virtual source about 4 ft across a 45-ft 
stage. 


Time. The requirement of  time- 
identity of scanning position for the 
channels is considerably more stringent 
for true binaural than for stereophonic 
reproduction. Fifty microseconds differ- 
ence would cause a 5° shift in binaural 
localization, corresponding to 0.7 mils 
misalignment for 15 ips track speed. 
However, for a_ two-channel stereo- 
phonic system a severe requirement 
might be 1 msec, corresponding to 15 
mils misalignment for 15 ips track 
speed. This amount, equivalent to 
approximately 1-ft distance difference, 
would correspond to an actor moving 
from one side of a chair to the other, or 
to an auditor shifting from one seat to 
the next in the theater. 


Dubbing 

In the process of preparing a recording 
for release, a very important function 
is dubbing-in sound effects and music, 
or re-recording with altered quality 
or balance. In stereophonic recording 
there is the added requirement of proper 
position of the sound. When a single 
source must be given position, use is 
made of a bridged system and a “‘pan- 
pot.” This is an arrangement of at- 
tenuators on a common control which 
will feed to each channel an intensity 
simulating the intensity it would have 
received if the original recording had 
been made with multiple microphones. 
instrument 
Perspective 
1934 is 


The characteristic of the 
the . Auditory 
of January 


built for 
demonstrations 
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Fig. 5. Pan-pot characteristics, 


stage, the direct sound microphone outputs vary as shown. 
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As a scource moves across a pickup 
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The 


dashed line is the corresponding attenuation introduced by the pan- 


shown by the dashed lines in Fig. 5. 
The 
tinuous-winding ladder volume controls 
modified with “bridges” for the sliders 
over parts of the angular range to give 
the flat portions of the curves. The 
solid lines of Fig. 5 show the variation 
in direct sound at each microphone for 


control was made of three con- 


a source moving across a line 4 ft from 
the microphones, which are assumed 
8 ft on centers. 

It can be seen that this simple volume 
control scheme is a fair representation 
of the actual case. The dotted curve 
shows for comparison the variation in 
level for the center microphone when 
the source moves across a line 6 ft from 
The difference be- 


tween these curves emphasizes that the 


the microphones. 


relationships vary for different stage 
depths, and in using a pan-pot the 
operator must adjust his settings to the 
desired effect. The curves also show the 
rather small level differences that exist. 
It will be seen that the pan-pot charac- 


pot constructed for a 1934 demonstration, 


teristic gives lower channel levels at 
“side” settings than the actual pickup. 
This is desirable to compensate for the 
absence of arrival-time and microphone 
directivity effects. 


Disk Recording 

The adaptability of tape- and _ film- 
recording methods to stereophonic sound 
is readily apparent, and_ these strip 
media are relatively unlimited as to 
number of channels. For two-channel 
recording, disk methods are also prac- 
ticable. ‘Two systems have been demon- 
strated. 
in parallel, one starting near the outer 
edge and one near the middle of the 
recording area. Two reproducers are 
used. In‘the other’ 4 single groove 
is used, with one channel recorded as a 
vertical and the other as a simultaneous 
lateral track. While the interaction or 
crosstalk between channels is relatively 
high, experiment has shown that a 
sufficient ratio for stereophonic work 


In one“ two grooves are used 


can be obtained. 
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CONCLUSION 


Although stereophony is attaining a 


respectable age, much more information 


must be obtained before it can be said 
to rest on a foundation of quantitative 


relationships. It is hoped that this 


knowledge will 


this in- 


summary of 
stimulate — the 
formation, and in the interim will serve 
as a useful guide to those who must 
make recordings without waiting for 
complete theoretical understanding. 


present 
acquisition of 
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Discussion 


John G. Frayne (Westrex Corp.): Would 
the speaker tell us whether there’s ever 
any possibility of duplicating the real 
stereophonic effect by using the artificial 
method of taking a monaural track and 
making it into stereophonic by manipula- 
tion of gain and equalization. 

Mr. Snow: I don’t think so, because by 
manipulation of the channels you do not 
duplicate all the effects which you can get 
on a real stage. As the speaker, let’s say, 
walks across the stage you can get the 
actual effect of the intensity increase, you 
automatically get the effect of the arrival 
time with sound coming earlier from the 
nearest channel. You can use microphone 
directivity, if you use it with care, to en- 
hance both of those effects; and it seems 
to me that, at least without something that 
I can’t quite imagine in elaboration, it 
would be awfully hard for any one person 
to duplicate all these effects as he tried to 
twist some knobs. And, of course, there’s 
another thing: no matter what you try to 
do in this way, you can do it for only one 
source at a time, if you’re doing it arti- 
ficially, whereas the actual pickup will 
handle any number of sources all at one 
time. My own feeling is that it is very un- 
likely that the completely artificial manipu- 
lation of channels will give you a real du- 
plication of multiple-channel pickup at 
the original scene. 

Dr. Frayne: In that case, would you say 
then that the industry is missing an oppor- 
tunity of improved sound presentation by 
placing so much emphasis on the pan-pot 
method of producing stereophonic sound? 
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Mr. Snow: 1 would say that they ought to 
consider that something to get rid of as soon 
possible. It’s something which can_ be 
used to advantage, I’m sure, in many 
situations; but I feel that it should be used 
only as a last resort, rather than as a first 
resort. It won’t sound as good as the real 
pickup or the original. 

Dr. Frayne: On the matter of the number 
of channels, I notice you say that three 
channels give a very good stereophonic 
effect. Now, in Cinerama, I believe, they 
use five stereophonic channels behind the 
screen and I am told by Cinerama engi- 
neers that they find a much better stereo- 
phonic effect by using five rather than 
three. 

Mr. Snow: I use three for two reasons. 
One is that my personal experience has 
been with two or three and it makes the 
fundamentals easier to show. The funda- 
mental principles I don’t think would 
change with the number of channels, but 
I do feel that the number of channels de- 
pends upon the width of the stage, the 
width of the scene that you’re going to cover 
and perhaps as a rule of thumb, you might 
say that a channel should not cover more 
than a width of 20 or 25 ft with a single 
channel. The cinerama screen is so much 
bigger than the 50-ft wide total that they 
needed more channels. 

Dr. Frayne: In the case of CinemaScope, 
which uses in some cases a 65-ft screen, is 
it possible to cover that with three speakers? 

Mr. Snow: I imagine that probably it 
will be thought so. I don’t mean to sound 
as facetious as that. Actually, when you 
have a picture, you don’t need to have as 
faithful sound localization as when you’re 
only trying to reproduce an orchestra with 
nothing to look at, as I have usually done 
in my work. The picture certainly can 
complement the “monophonic”? sound to 
some extent, as we’re all well aware, since 
we've been getting along with one channel 
on any width screen up to now. As a 
raatter of fact, I would think in a picture, 
up to the width that you spoke of, that 
would be satisfactory. I have no doubt, 
however, that more channels would be 
even more realistic, but it’s certainly a 
matter of economics. 

Dr. Frayne: What do you think of the 
auditorium speakers as adding to stereo- 
phonic effect? 
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Mr. Snow: That’s something for the in- 
dustry to decide now. I haven't had any 
personal experience with that. I have 
nothing against it. My feelings on stereo- 
phome effects are that you manipulate the 
channels to get the effects you want. I was 
trying te poimt out the fundamentals that 
you have to preserve to get those effects, 
but I feel that when you get to the point 
of having auditorium speakers, and so on, 
it gets a little bit more in the showmanship 
angle than straight physics. And I'll leave 
that to the showman. 

Edward S. Seeley (Altec Service Corp.): Do 
you believe it possible to recreate a location 
outside of the outermost speaker in a three- 
channel system? 

Mr. Snow: Not acoustically, but with a 
picture I do think you can. However, 
there doesn’t seem to be anything in the 
physics or physiology that I know of that 
would pull the sound past the outside loud- 
speaker just from the standpoint of local- 
izing the sound with your eyes shut, but 
obviously if you have a picture, with a 
that’s outside the outside 


sound source 


loudspeaker it’s not very hard to imagine 
that the sound is pulled somewhat outside 
of the actual physical source of it. But 
you can see, from the standpoint of sound 
alone, that if you turned off all the chan- 


nels but the one on the side that we’re 
talking about, everybody would localize 
the sound right in that loudspeaker and 
there’s nothing I can see that would make 
you pull it any further than that when the 
other ones are running. 

Loren L. Ryder (Paramount Pictures Corp.): 
With respect to the remarks I am about to 
make, I will first say that my comments are 
not against stereophonic sound. Now with 
respect to what can be done by panning 
sound, we at Paramount have found that 
following some of the principles that were 
explained here but using phase displace- 
ment, rather than volume, we can more 
definitely control the placement of sound 
than by the volume difference between 
loudspeakers. We also find that equaliza- 
tion, as mentioned by the speaker, is a 
very strong control. We at Paramount 
have used displacement (phase shift) by as 
much as four and as high as seven sprocket 
holes in the control of sound placement. 
Having once established that type of sound 
placement, it makes little difference what 
volume is used from the three loudspeakers 


as far as the listener is concerned, and as far 
as his selection of a point source. There- 
fore, with such an arrangement, we can 
gain a proper directivity much further to 
the side of the theater and further down 
toward a side loudspeaker, than we have 
ever been able to obtain either by volume 
control or by classical stereophonic sound. 

Mr. Snow: Um very glad to hear of some 
practical experience along that line, be- 
cause I certainly would expect that on the 
basis of the principles I was enunciating 
here; but unfortunately I have never been 
able to try it. ‘Thanks very much for that 
comment. 

Mr. Seeley: May 1 ask Mr. Ryder if his 
remarks apply to simultaneous sounds from 
distributed sources as well as to dialogue? 

Mr. Ryder: My remarks apply to dialogue, 
music and sound effects. In the picture 
Shane there are sequences in which the 
violin section of the music is on the left- 
hand loudspeaker, the music base is on the 
right, dialogue is center screen, calls are 
heard from the left side of the screen and 
sound effects are moving back and forth. 

We find no trouble in gaining proper 
placement of sound effects and we find no 
confusion when these sounds are ulti- 
mately reproduced in the theater. It seems 
to me that there is a great deal still to be 
learned in regard to the effective handling 
of sound when reproduced from three or 
more loudspeaker systems. For those who 
have not experimented with phase shifting, 
I recommend that they do so. 

It is our feeling that there are a number 
of ways of gaining the same effectiveness to 
the audience. The real question is — 
which way is the simplest, least costly, and 
least subject to error and disturbing effects. 

Richard H. Ranger (Rangertone, Inc.): I 
think that we all owe a debt of gratitude 
to Dr. Snow for this elucidation of these 
principles and I'd like to check again on 
what Mr. Ryder has just said, that timing 
has a terrific effect on directivity. We are 
indebted to Dr. Haas of Géttingen for work 
on this timing business, because he has 
elucidated this matter very intensively and 
confirms what has just been said. In other 
words, timing is of the utmost importance 
and you can actually get a curve or a 
correspondence, shall I say, between timing 
and intensity. In other words, as Mr. 
Ryder has just suggested here, you can 
move a subject across the stage just by 
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timing; and you can also move it just by 
intensity. And you can do the correspond- 
ing thing of making them compensate each 
other. In other words, you can move the 
timing so as to make the apparent location 
move to the left, we'll say, and you can 
increase the intensity to hold it where it 
was. And you soon find, however, that 
when you do that the timing completely 
outweighs the intensity, so that actually the 
timing becomes in many ways the con- 
trolling factor. As to flutter and other 
quality factors, it has been my finding that 
they are entirely determined by the sound 
that you get first, or should T say that they 
are greatly determined by that. You can 
have considerable Hutter, if you please, in 
the sound that comes later, and it will not 
affect the apparent quality at all. ‘Timing 
and intensity, then, are terrifically im- 
portant in these things. I don’t quite go 
along with the statement that timing is the 


only essential, however. Perhaps) Mr. 
Ryder did not intend to give that im- 
pression. 


Mr. Ryder: is certainly possible to 
control placement with intensity. 

Col. Ranger: In fact, I feel that you can 
overdo the timing business, because you 
get a little bit of an uncertainty, if I might 
put it that way, when you get too much 
intensity from the wrong speaker, which you 
can do. You get a confusion of sound, so I 
feel that the answer is going to be a judi- 
cious use of the two to come up with the 
best quality. 

Mr. Ryder: A further comment along the 
line of Col. Ranger’s thoughts: if you use 
timing and equalization and volume, you 
have a very smooth complete control, and 
it’s not as awkward to do as one would 
think. In this regard, we can refer to the 
picture Shane, which is largely handled. by 
timing and not by volume. I should also 
comment that in all the work with respect 
to motion pictures where it is necessary to 
do much editing and cutting of motion pic- 
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tures so that there is a change in sound 
placement on cuts, I personally favor a 
minimum movement of dialogue and a 
maximum use of stereophonic for punc- 
tuation in storytelling for effects and for 
music. 

Walter Brecher (Leo Brecher Theatres): In 
connection with the finding that the num- 
ber of channels to use with a wide screen 
should be based on a spacing of about 20 
ft by channel, there are a great’ many 
theaters whose total width is in the neigh- 
borhood of 30 to 40 ft. It’s my impression 
that there is a radius of illusion of approxi- 
mately 15 ft which is centered on each 
speaker and in view of the acknowledg- 
ment that the visual pull does affect the 
illusion of location of sound source, does 
stereoscopic sound offer any substantial 
benefit for a theater of the dimensions that 
I have described? 

Mr. Snow: 1 didwt mean to imply that. 
Let’s put it another way. I meant that I 
felt that until people have actual data on 
it, that that was a fairly good rule of 
thumb as to the width where you might 
begin to consider that you might need 
more channels. But the stereophonic 
system will improve the reproduction in a 
living room where the loudspeakers are 5 ft 
apart or 12 ft apart, so that what I gave is 
in my Opinion, a maximum width, and for 
anything smaller than that you can defi- 
nitely get an improvement by using mul- 
tiple channels. You might say, well, why 
not just use two channels? I believe that 
that would just make it more difficult from 
the pickup standpoint to get the effects you 
want, particularly when so much of the 
sound should come from the center of the 
stage for close-ups. When you have a 
third channel you can pretty nearly guar- 
antee that for most of the seats in the 
auditorium. You're trying to build the 
illusion. With loudspeakers just at the 
sides, that’s much harder to do. 
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Psychometric Evaluation of the Sharpness 


of Photographic Reproductions 


By ROBERT N. WOLFE and FRED C. EISEN 


Psychometric methods were used to evaluate the relative sharpness of a num- 
ber of photographic reproductions in which sharpness was the only significant 
variable. Since sharpness is an observer’s subjective impression of an aspect 
of picture definition, the methods for deriving sharpness values involve intro- 
spective processes and methods of quantifying these subjective impressions. 
Although no physical measurements of any aspect of the stimulus are involved 
in deriving sharpness values by the psychometric method, repeated evalua- 
tions showed that the scale values obtained are a reliable indication of the 
sharpness attribute of a photographic reproduction. Three methods of 
quantifying the judgment data were used, and the sharpness ratings obtained 
from all three were in good agreement with one another. Projected trans- 
parencies gave substantially the same results as paper enlargements. At- 
tempts to correlate the sharpness ratings with physical measurements of some 
aspect of the developed image were not entirely successful; neither resolving 
power nor simple density relationships across an abrupt boundary between 
light and dark areas resulted in satisfactory correlations with sharpness 
ratings. 


I HE SHARPNESS Of a photographic factors in the photographic process. 
reproduction is a subjective concept as- = Since sharpness is a subjective concept, 
sociated with one of the impressions made __ jt cannot be evaluated directly by means 
on the mind of an observer when viewing of physical measurements, although a 
a picture. Specifically, it is the impres- — hysical correlate may be found to exist. 
sion produced by that aspect of picture Jf jg therefore necessarv to employ psy- 
definition _Wwhich is affected by lens  chometric methods to derive sharpness 
quality, lens focus, by the type of photo- — yatues, Psychophysical methods may 
graphic material used, and by other pe utilized subsequently to establish a 

correlation between sharpness and 


Communication No. 1527 from the Kodak purely objective measurements of some 


Research Laboratories, by Robert N. an hic i 
Wolfe and Fred C. Eisen, Kodak Research 


Laboratories, Eastman Kodak Co., Roches- Such aa approach has been used by 
ter 4, N.Y. Reprinted from Journal of the Baldwin' and i by Mertz, Fowler and 
Optical Society’of America, 43: 914-922, Oct. Christopher? in studies of television 
1953. images. 
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The present paper deals primarily 
with the psychometric evaluation of 
sharpness, and refers only briefly to a 
preliminary search for a physical cor- 
relate. The subject may be conveniently 
treated in three parts: (1) technique 
and precision of psychometric methods 
applicable to sharpness evaluations, 
(2) the effect of picture-making tech- 
nique and test-picture subject matter on 
sharpness, and (3) results of a prelimin- 
ary search for a physical or objective 
correlate. 


Psychometric Methods 


Since psychometric methods involve 
only introspective processes and methods 
of quantifying these subjective impres- 
sions, the reliability of the results ob- 
tained must be determined by repeating 
observations and by comparing differ- 
ent methods of quantification. To in- 
vestigate the reliability of the psycho- 
metric methods involved in obtaining 
picture-sharpness ratings, a series of 
photographs which varied in sharpness 
were made. The test picture was the 
“patio” scene shown in Fig. 1. The 
negatives for these pictures were made 
by using ten different negative films, 
arbitrarily identified by numbers 1 to 10, 
each film being developed to give the 
same average density-log exposure (D- 
log £) gradient. These negatives varied 
in sharpness as the negative materials 
varied with respect to those qualities 
which influence the sharpness of re- 
corded images. The negatives could 
themselves have been submitted to a 
group of observers for appraisal, but 
there were reasons for not doing so. In 
the first place, since most observers are 
not accustomed to viewing negatives, a 
more normal reaction can be expected 
from an examination of conventional 
positives; it is conceivable that sharpness 
impressions would be different when 
viewing a negative than when viewing a 
positive. Furthermore, the negatives, 
although matched in D-log E gradient 
over the exposure range of the picture, 
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were not all of the same density level. 
These differences in density were com- 
pensated for in making the positives, in 
order to obtain prints that matched one 
another in tone reproduction. It was 
decided, therefore, that positive prints 
from each of the negatives should be 
used for the sharpness appraisals. 
Positives of the ten negatives were 
made by (a) enlarging approximately 
four times onto photographic paper and 
(b) contact-printing onto lantern-slide 
plates. The contact-printing operation 
was carried out with a vacuum printing 
frame so that good transfer of the struc- 
tural detail of the negative to the posi- 
tive material was assured. ‘The enlarge- 
ments were made in a conventional en- 
larger, which was carefully focused for 
each negative. Two sets of enlarge- 
ments were made to determine how ac- 
curately the print-making process could 


be repeated. 


Sharpness Judging and Quantification of 
Data. In presenting the pictures to the 
observers, only very general instructions 
were given. No prompting or tutoring 
which might influence their reactions 
was permitted. The observers were all 
experienced in judging the quality of 
photographic reproductions but they 
were not aware of the devices that had 
been employed in altering the appear- 
ance of the pictures they examined. 
Each observer was requested to study 
the pictures and thereafter to express his 
opinion of their relative “sharpness.” 
The specific term “sharpness” was al- 
ways used, so the particular aspect of 
the reproduction that was appraised 
was the one which the word ‘“‘sharp- 
ness” evoked in each observer’s con- 
sciousness. Although no attempt was 
made to define the term, none of the 
observers appeared to be uncertain of its 
implications, and with very little hesi- 
tancy they all proceeded to make un- 
qualified decisions. 

Since there is no established unit of 
picture sharpness, all the results are 
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Fig. 1. Test objects used to investigate psychometric methods and effect of subject 


matter on sharpness judgments. 


‘**Patio’’ (above—left); ‘‘density patch’’ (above— 


right); ‘‘square’’ (below—left); ‘‘willow pond’’ (below—right ). 


relative. It follows, therefore, that 
sharpness evaluations can only be made 
by comparing one picture with another 
or with several others. Although an 
observer may have a definite impression 
that one picture is sharper than another, 
he normally does not appraise the differ- 
ence numerically. The conversion of 
subjective impressions into numerical 
scale values is required for convenient 
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utilization of the judgment data. This 
quantification of subjective impressions 
can be achieved by various methods, of 
which the following were considered in 
this work: (1) quantification by the 
observer himself, in which the observer 
is requested to express his impressions of 
sharpness in the form of numerical rat- 
ings; (2) quantification by statistical 
means after a number of observers have 
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Observer: 1 . 2 


Nega- 
tive 
mate- As Ad- As Ad- As 
rial given justed” given justed given 
1 70 60 60 60 30 
2 88 84 80 80 50 
3 80 73 72 72 45 
4 85 80 83 83 55 
5 100 100 100 100 100 
6 90 87 69 69 50 
7 92 89 92 92 85 
8 98 97.5 100 100 100 
9 94 92 92 92 65 
10 99 98.5 95 95 68 


Table I. Sample Data of Sharpness Ratings for First Set of Prints Obtained by Method 
of Observer Quantification. 


3 4 
Pro- 
Avg of — rated 
20 ad- avg ad- 
Ad- As Ad- justed = justed 
justed given justed ratings ratings 


60 66 60.3 62 
84 80 75.8 78.5 
685 68 60 72.5 75 
74 71 74.8 
100 98 97.5 99 4 102.5 
80 75 77.6 80 
91.5 90 90.9 94 
100 100 100 96.8 100 
80 93 91 89.1 92 
82 94 92.5 92.2 95 


Equation for adjusting ratings to specified minimum value: 


R’ = 100 - 


rating to be adjusted. 
adjusted rating. 


arranged the pictures in the order of 
their sharpness; and (3) quantification 
by the experimenter, who asks the ob- 
server to classify his impressions as 
“slightly sharper much less sharp,” 
etc., and then arbitrarily assigns numeri- 
cal values to each category. Regardless 
of which method is used, the numerical 
value of sharpness is nevertheless arbi- 
trary and has no physical significance 
per se. ‘The importance of the value is in 
the relationship it bears to other picture- 
sharpness ratings. 

The first point to be determined was 
the reproducibility of the results, which 
could be taken as an index of the pre- 
cision of the respective methods of evalu- 
ation. ‘The first or observer-quantifica- 
tion method was studied by submitting 
the two sets of enlargements from the 
ten negatives, one set at a time, to twenty 
observers, who were asked to arrange 
the pictures in the order of their sharpness 
and to assign to each picture a numerical 
rating indicating the observer’s opinion 
of its relative sharpness. The picture 


> 66 
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(100 — R,)(100 — R 
—R,, 


minimum value as given by observer. 
minimum value of adjusted ratings. 


which an observer considered sharpest 
was always assigned a rating of 100, and 
each observer was free to assign the rat- 
ings for the remaining pictures according 
to his impressions of their sharpness. 
However, each observer’s ratings for 
each set of prints were later adjusted so 
that the least sharp picture had a rating 
of 60 for that particular observer. 
The same ratio of rating differences was 
maintained in making this adjustment, 
while the sharpness values were brought 
to a common scale. ‘The adjusted rat- 
ings of the twenty observers were then 
averaged, and the averages were pro- 
rated to make the rating for picture No. 8 
equal to 100. Sample data to illustrate 
this procedure, as used for the first set of 
prints, are shown in ‘Table I. A graphi- 
cal comparison of the ratings obtained 
from the two sets of prints is shown by 
graph A in Fig. 2. 

The second or statistical method of 
quantification was then applied to the 
data obtained from the judging of the 
enlarged prints. In this method, the 
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Observer quantification 
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Set No | 


First evaluation 
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Set No. 2 


2 


60 
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Projected transparencies 


Set No 


Po 
fo) 


1 


80 


80 


100 


120 


80 100 
Second evaluation 


120 


Statistical quantification Enlarged prints 


Fig. 2. Comparison of relative picture-sharpness ratings made under various 
conditions: A, two sets of enlargements from same negatives, observer quanti- 
fication; B, enlargements from same negatives, statistical quantification; C, two 
observations at different times, same projected transparencies, paired comparison; 
D, same enlargements, observer quantification as ordinates, statistical quantification 
as abscissas; E, same negatives, projected transparencies by paired comparison as 


ordinates, enlargements by observer quantification as abscissas. 


numerical ratings assigned by the ob- 
servers were not needed, since only the 
ranking data were used. To derive 
sharpness ratings from the order num- 
bers, Guilford’s method based on a 
composite standard* was used. The 
scale values obtained by this method 
depend upon the number of times each 
picture was ranked in each position in the 
1 to 10 range. When an observer se- 
Jected two or more pictures equal in sharp- 
ness, each of the equally ranked pictures 
was given an order number which was 
the average of as many successive order 
numbers as there were equally ranked 
pictures. For instance, if, after three 
pictures had been arranged in a descend- 
ing order of sharpness, the next two 
pictures were considered equal in sharp- 
ness, the order number that would be 
assigned to each of these two pictures 
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would be 4.5, the average of rank posi- 
tions 4 and 5. The procedure used to 
derive sharpness ratings from the order 
numbers is illustrated in Table II]. The 
final ratings were adjusted to be 62 and 
100 for pictures Nos. 1 and 8, respectively, 
of both sets, which were the values ob- 
tained in the preceding method of 
quantification. The ratings obtained 
for the two sets of enlargements are 
plotted against each other as graph B 
of Fig. 2. 

The third method of quantification 
was employed in obtaining numerical 
ratings of sharpness for the positive 
transparencies made from the same ten 
negatives. In this case, the psycho- 
metric data were derived from sharp- 
ness appraisals made by a “paired- 
comparison” procedure. The observers 
were requested to view two pictures 
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projected simultaneously on a screen by 
two slide projectors. A group of ten 
observers viewed the pictures and made 
individual judgments. Two assistants 
located very close to the screen operated 
remote-control focusing devices for main- 
taining the best possible focus during 
judging. Each of the ten positives was 
compared with every other positive 
twice, once in each projector, in order to 
eliminate any difference in the quality 
of the projectors. Thus, a total of 
ninety comparisons was made. The 
observers were asked to give their im- 
pressions of the comparative sharpness of 
the two adjacent pictures in terms of the 
following seven ratings: 

1. Picture A much sharper than Pic- 
ture B; 

2. Picture A sharper than Picture B; 

3. Picture A slightly sharper than 
Picture B; 

4. Picture A equal in sharpness to 
Picture B; 

5. Picture A slightly less sharp than 
Picture B; 

6. Picture A less sharp than Picture 
B; or 

7. Picture A much less sharp than 
Picture B. 

Numerical values of 0.3, 0.2, 0.1, 0.0, 
—0.1, —0.2 and —0.3, respectively, 
were arbitrarily assigned to each af these 
qualitative ratings. These numbers 
were treated as increments in a scale of 
logarithmic sharpness ratings. The final 
scale values were antilogarithms of the 
scale values derived from these numeri- 
cal increments. 

After ninety comparisons were made, 
numerical sharpness values were as- 
signed, on the basis of the observers’ 
ratings, to each comparison for each 
observer. For example, if an observer 
indicated that he considered Picture A 
to be slightly sharper than B, then for 
that comparison, Picture A was assigned 
a value of 0.00 and Picture B was as- 
signed a value of —0.10. The values 
determined by the ten observers for each 
comparison were averaged and used as 
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a basis for calculating ninety relative 
sharpness ratings which were prorated to 
make the rating for picture No. 8 equal to 
100. Table III illustrates this part of 
the procedure, using data obtained from 
comparisons No. 73 to 81, for which 
picture No. 7 was used in all cases as one 
member of the pair. From the ninety 
comparisons made, each of the other 
nine pictures had ten separate sharpness 
ratings relative to that of the positive 
from negative No. 8, either by direct or 
indirect comparison. These ten rela- 
tive sharpness ratings were averaged and 
the resulting values were taken as the 
picture-sharpness ratings of the positives 
relative to the positive from negative 
No. 8. 

The same positive transparencies were 
rated again a few weeks after the first 
evaluation, using the same procedure 
and the same observers. The two sets of 


ratings were adjusted to make picture 
No. 1 rate 62 as before, No. 8 remaining 
at 100, and the two sets are compared as 
graph C of Fig. 2. 
indicated. 

It is of interest to compare the results 


A good correlation is 


obtained by the various methods of 
evaluating the positives. As pointed out 
previously, graphs A and B of Fig. 2 
show that the two sets of enlargements 
gave results that are in good agreement 
with each other for both the observer- 
quantification and the statistical-quanti- 
fication methods. Graph C shows that 
the two sets of transparencies compared 
by pairs gave results that are in agree- 
ment with each other for the experi- 
menter-quantification method. The 
mean values of the ratings obtained for 
the two sets by the first and the second 
methods are compared by graph D, 
which shows that the two methods are in 
good agreement. The results obtained 
from the third method as compared with 
those obtained from the first two involve 
differences in the methods of printing 
the positives and the materials used for 
them in addition. These results will 
be discussed below. 
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Effect of Picture-Making Technique 
and Test-Picture Subject Matter 
on Sharpness 

Since the paper prints judged for 
sharpness as described in the preceding 
section were made by optical enlarge- 
ment of the negative while the positive 
transparencies were made by contact- 
printing the same negatives, a Compari- 
son of the ratings obtained from the two 
types of positives will give some informa- 
tion as to the effect of picture-making 
technique on sharpness, even though 
different psychometric methods 
used to obtain the ratings. The aver- 
ages of the sharpness ratings obtained for 
the transparencies on the two separate 
occasions were computed, as were the 
averages of the ratings obtained by the 
observer-quantification method for the 
two sets of enlargements. These aver- 
ages are plotted against each other as 
graph E in Fig. 2. The departures 
from a straight line are noticeably greater 
in this case than in the others, as would 
be expected considering that another 
variable has been introduced, but the 
correlation is still fair. This indicates 
that the ratings obtained by judging the 
sharpness of the pictures either as pro- 
jected transparencies or as paper prints, 
following any of the procedures described 
in this report, give a reliable indication of 
the relative sharpness obtainable with 
these negative emulsions developed and 
printed according to the procedures 
adopted in this work. 

Since all the preceding evaluations 
were made on appraisals of pictures 
having the same subject matter, it was 
of interest to determine whether sharp- 
ness ratings are dependent upon the 
composition of the test object used. 
Therefore, a test was designed for the 
purpose of determining how much effect, 
if any, the test-picture subject matter 
might have on the sharpness evaluation of 
the pictures. 

Six negative-type films, which were 
expected to produce pictures of different 
sharpness, were exposed to each of the 
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Table IV. Sharpness Ratings for 
Four Test Objects. 


Ranks converted to relative 


Nega- scale values (ratings) 
tive Den- Wil- 
mate- sity low Divided Patio 
rial patch pond square scene 
11 100.0 100.0 100.0 100.0 
5 95.2 90.6 93.3 93.7 
12 93.3 89.9 88.2 9.0 
$9.3 89.4 85.2 87.2 
3 82.5 85.3 82.4 84.8 
1 80.0 80.0 80.0 80.0 


four test objects shown in Fig. 1. Two 
of the test objects were the continuous- 
tone pictures entitled “patio” and 
“willow pond,” while the other two 
were geometrical patterns with well- 
defined boundaries, one called the 
“density-patch” test object and the other 
the “divided-square”’ test object. ‘The 
two picture test objects and the density- 
patch test object had density scales of 
approximately 1.30, whereas the divided- 
square test object was composed of a 
clear area on a background of density 
greater than 3.0. 

Six negative materials were exposed in 
contact with positive transparencies of 
the four test objects and were developed 
to give the same average D-log E 
gradient over an exposure range of ap- 
proximately 1.30. The divided square 
was exposed to give a maximum density 
of approximately 1.50, which was as 
high as, or higher than, the maximum 
densities obtained in the other test- 
object reproductions. The negatives 
were enlarged five times on suitable 
enlarging, paper to produce positives 
matched in tone reproduction. 

The four sets of six prints were each 
submitted, one set at a time, to ten ob- 
servers who were asked to arrange the 
prints in the order of their sharpness. 
The sharpness ratings derived from the 
order numbers of the ten observers by 
Guilford’s method based on a composite 


standard*’ are shown in Table IV. 
These ratings, or scale values, have 
been adjusted to make the rating of the 
sharpest print equal] to 100 and the rating 
of the least sharp print equal to 80 for 
each test object. This adjustment is 
permissible because the terminal points 
and the scale unit of sharpness ratings 
derived in this way can be arbitrarily 
assigned. 

Examination of Table IV shows that 
the negative materials are placed in the 
same order by the sharpness ratings for 
each test object, but that the magnitudes 
of the ratings for a particular negative 
film vary among the different test ob- 


jects. This means that the changing of 


test objects does affect the sharpness 
ratings but that the effect is small com- 
pared with the variation in sharpness 
ratings caused by differences in the nega- 
tive materials used in this test. It 
should be emphasized that even the 
differences in sharpness among the prints 
from the different negative materials is 
small. A statistical examination of the 
psychometric data indicates that a 
difference in sharpness represented by 
about five units of the scale values in 
Table IV is just significantly noticeable 
(i.e., a print rated at 100 will be con- 
sidered sharper than a print rated at 95 
in about two-thirds of the judgments). 
Thus, a difference in sharpness rating 
caused by a difference in test-object 
composition can be considered to be 
quite small and capable of affecting the 
relative rating of a pair of prints only 
when the difference in sharpness between 
prints is so small that it is just noticeable ; 
the most significant variable is the nega- 
tive material. A summary of the treat- 
ment of the data by the analysis of vari- 
ance leading to these conclusions is given 
in the Appendix. 

The conclusions are based on the ap- 
praisal of prints made from normally 
exposed negatives and do not necessarily 
apply for overexposed negatives. It is 
conceivable that when high densities and 
halation effects are involved, there 
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might be some types of test objects that 
would give sharpness values radically 
different from others. 


Search for a Physical or Objective 
Correlate of Sharpness 

With the reliability of the subjectively 
evaluated sharpness values established, 
a search for a physical correlate was 
undertaken. For this phase of the in- 


vestigation, pictures of the “willow 
pond” were obtained in which the sharp- 
ness was varied by (a) making negatives 
on a single type of film and varying the 
position of the film with respect to the 
focus of the lens in the camera, and (b) 
using ten different types of film in pre- 
paring the negatives from which posi- 
tives matched with respect to tone repro- 
duction were the 
being kept constant. 


made, camera focus 

For the first set of pictures, exposures 
were made to (a) the “willow pond” 
test object, (b) a high-contrast, three- 
line resolving-power test object. (c) a 
similar test object of low contrast, and 
The lu- 
minance ratio between characters and 
background of the high-contrast resolv- 


(d) a single-edge test object. 


ing-power test object: was over 1000, 
while for the low-contrast one it was 1.6. 
Each of the four test objects was exposed 
at the same twelve focal positions of the 
lens. ‘The test objects were restricted to 
a small field angle to avoid complica- 
lions arising field 

Exposure and processing 


from aberrations. 

conditions 
were chosen to give pictures of good tone 
reproduction, and these same conditions 
were used for the resolving-power ex- 
posures and for the single-edge exposures. 
Positives of the picture negatives were 
made in the form of paper prints, and 
they were evaluated for sharpness by the 

method de- 
resolving-powe! 


observer-quantification 
The 
determined by a 
examination of the 
suitable viewing magnification. 
the density-distance 


scribed above. 


values were visual 
using a 


and 


negatives, 


curves were ob- 


Wolfe and Eisen: 


picture shorpness 


Relative 


20 40 60 60 WO WO 60 
Relative resolving power 


Fig. 3. Comparison of relative picture 
sharpness with relative resolving power 
A, high-contrast 
resolving-power test object (luminance 
ratio over 1000); B, low-contrast test 
O Inside 
@ at focus (point of maximum 
sharpness); A outside focus. 


for lens-focus series: 


object (luminance ratio, 1.6). 
focus; 


microdensitomete: 
across edges in the negatives. 


tained from traces 

The same “willow pond’’ and single- 
edge test objects were used for the series 
in which the material 
The resolving-power exposures, 


negative was 
varied. 
however, were made in a camera espe- 
cially designed for the purpose, as de- 
later. The 


were printed on a positive film and evalu- 


scribed picture negatives 
ated for sharpness by the paired-compari- 
son method already described. 


Resolving Power Compared With Sharpness 
Although the measurement of resolving 


power cannot be classified as a purely 
objective procedure since it involves the 
visual examination of the images, such 
included in this in- 
vestigation because it is sometimes as- 


measurements are 
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Fig. 4. Relative resolving power and 
picture sharpness as a function of focal 
position: 1, sharpness; 2, resolving 
power, high-contrast test object; 3, 
resolving power, low-contrast test object. 
Origin of abscissas at point of maximum 
sharpness. 


-08 


0.6 0.8 


sumed that resolving power is the sig- 
nificant measure of the performance of a 
reproducing system with respect to 
image definition. 

For the lens-focus series, relative 
picture sharpness is plotted as a function 
of resolving power in Fig. 3, graphs A 
and B being for the high- and the low- 
contrast test objects, respectively. These 
same data are plotted as functions of the 
position of the film along the lens axis 
by curves 2 and 3 in Fig. 4. Curve 1 
represents relative sharpness, and the 
abscissas represent the distance in milli- 
meters from the position of maximum 
sharpness. It is striking that the posi- 
tion of maximum resolving power for the 
high-contrast test object’ is approxi- 
mately one millimeter from the position 
of maximum sharpness. The maximum 
for the low-contrast test object is closet 
but still is not coincident. 

To determine why the position of 
maximum resolving power does not 
coincide with the position of maximum 
sharpness, a point source was _ photo- 
graphed under the same conditions as 
were employed in making the picture 
negatives. Reproductions of these 
photographs are shown in Fig. 5. ‘These 
photographs are the same ones that 
were published by Herzberger* a few 
vears ago except that the focal positions 


1.2 


Fig. 5. Images of point source at different focal positions. 
Positions correspond to abscissas of Fig. 4. 
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have been labeled anew to correspond 
with the abscissas of Fig. 4. At the 
—0.8-mm focus position, which gives low 
resolving power and poor sharpness, 
the image consists of circular rings with 
no central core. These rings form into a 
fairly compact core at the 0.0-mm focus 
position, where sharpness is at a maxi- 
mum and near where one of the resolv- 
ing-power maxima occurs. The second 
resolving-power maximum occurs at a 
focal position of 0.8, where the point- 
source image consists of a small, sharp 
nucleus surrounded by an_ extensive 
circular blur or haze. This distribution 
of energy results in the formation of an 
image of the resolving-power test object 
in which the lines can be seen distinctly 
although they are surrounded by an 
extensive halo. This halo does not 
interfere with the distinguishability of 
parallel lines in the images of the resolv- 
ing-power test object, but it does de- 
grade the edge characteristics of other 
image elements to such an extent that 
pictures made at this focal position are 
distinctly inferior to those made at the 
position giving maximum sharpness. 

The resolving power of the ten films 
used to make the sharpness series was 
based on exposures made in a resolving- 
power with a_ high-contrast, 
three-line test pattern. Each film was 
developed as it was for the picture 
exposures. The maximum resolving- 
power values obtained from an exposure 
series are plotted in Fig. 6 as a function 
of the sharpness ratings; graph A is for a 
high-contrast test object while B is for 
Both sharpness and_ resolving 
power are expressed in relative terms. 
It is evident that 
not good enough to establish a psycko- 
physical relationship. ‘The 
factors may be responsible for the lack of 
a better correlation: 

(1) The resolving-power values rep- 
resent measurements made on images in 
the negatives while the sharpness evalua- 
tions were obtained from the positives. 

(2) Resolving power is a measure of 


camera® 


a low. 
the correlations are 


following 
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Relative picture sharpness 
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60 


Fig. 6. Comparison of resolving power 
with picture sharpness, negative-film 
series: A, high contrast; B, low contrast. 


the least distance between adjacent de- 
tail elements which can just be dis- 
cerned as separate. This limiting dis- 
tance is related to, but is not a measure 
of, the sharpness of the detail elements 
as their proximity to one another de- 
creases. 

(3) The resolving-power test images 
were not similar to the picture negatives 
in density scale. 

Gradients Compared With  Sharpmess. 
Since an observer viewing a photograph 
gets his impression of sharpness largely 
from the way that the edges of objects are 


variation of density 


reproduced, — the 
across the exposure of an edge is an ob- 
vious physical measurement that should 


be investigated. It seems likely that 
some aspect of such a density-distance 
curve derived from photographic images 
of a knife-edge test object would pro- 
duce values which would correlate with 
the sharpness values obtained subjec- 
tively. This idea is not new; Ross® 
and others before him have discussed 
certain features of the densitv-distance 
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Fig. 7. Examples of density-distance 
obtained at 
sharp picture (0.0 mm) and (b) rela- 
tively unsharp picture (—0.6 mm). 
Straight lines represent (1) maximum 
0.15,0.75 average gra- 


curves position for (a) 


gradient and (2) 
dient. 

curve in their relation to sharpness, 
which he defined as “primarily a sensa- 
tion.’* But, although he admitted 
that such features as the maximum gradi- 
taken as 


sharpness without experimental proof, 


ent cannot be a measure of 
he offered no subjective data. 


For this work, microdensitometer 


measurements were made across the 
boundary between the high-density area 
and the low-density area resulting from 
exposures to the single-edge test objects. 


The 


series at a focal position producing a 


curves obtained in the lens-focus 


sharp picture and at a focal position 
producing a relatively unsharp picture 


are shown in Fig. 7 
the curves obtained at each focal posi- 
tion were measured in an attempt to 
find a set of values which would correlate 
well with the sharpness ratings. Figure 
7 shows two of the gradients that were 
measured, (1) the maximum eradient, 
and (2) an average gradient between a 
point 0.15 dersity units less than maxi- 
mum density and a point 0.75 density 
units less than maximum density. ‘These 
gradient values can be compared with 


* Despite his definition, he followed the 
practice of applying the 
to the density-distance 


contemporary 
term “sharpness” 
curve itself, 
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Several aspects of 


the picture-sharpness values in Tables V 
and VI. Column 3 of Table V relates 
to the maximum gradient for the lens- 
focus series while the last column relates 
to. the 0.15,0.75 average gradient. 
Columns 3 and 4 of Table VI relate 
respectively to the same quantities for 
the  negative-film series. The -last 
column relates to the values of maximum 
gradient across the same boundary in 
the positives. ‘The values in each table 
have been adjusted so that they are 
equal for the sharpest and the least- 
sharp picture condition. 

An examination of the data for the 
lens-focus series in Table V shows that 
the maximum-gradient criterion does not 
produce values in the same order as the 
picture-sharpness values, while the 
0.15,0.75 — average - gradient criterion 
does produce values in almost the same 
order as the sharpness ratings. How- 
ever, for the negative-film series data 
shown in ‘Table VI, none of the gradient 
measurements produces values the 
the same order as the picture-sharpness 
values. Although the 0.15,0.75- average 
gradient criterion appears to correlate 
fairly well with sharpness in the lens- 
focus series, where the sharpness differ- 


Table V. Picture Sharpness and 
Gradient Values for Lens-focus 
Series. 


Relative 
picture 
sharp- 

ness 


Relative 
O15.,0.75 


ave 


Relative 
Focal maxi- 
position 
gradient 


(mm ) gradient 


26 
44 
69 
100 
83 
68 


51 


28 
17 
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= | 
c 
Uistance 
44 62 
06 61 45 
04 84 53 
6.2 95 69 
0.0 100 100 
02 92 75 
0 4 81 44 
06 72 49 Hi 
0.8 54 48 40 
1.0 38 31 
26 25 
1.4 17 17 


Table VI. Picture Sharpness and Gradient Values for Negative-Film Series. 


Relative Relative Relative 
Relative maximum 0.15,0.75- maximum 
Negative picture gradient avg gradient gradient 
material sharpness (negative ) (negative ) (positive ) 
1 60 60 60 60 
2 65 56.5 56 64.5 
3 69 5 54 69 53 
4 65 64.5 76 
5 79 94 86 89 
6 82 i 88 94 
7 85 97 94.5 94.5 
88 106.5 105 5 94.5 
9 88 102.5 112 96.5 


ences are relatively large, it does not 
seem to correlate so well in the negative- 
film series, where the sharpness differ- 
ences are much smaller. This may 
mean that this particular average- 
gradient criterion is not satisfactory for 
detecting small sharpness differences, 
or it may mean that the sharpness 
changes caused by film variations are of 
a different nature from the sharpness 
changes caused by variations in focusing. 
From Fig. 7 it is obvious that the max- 
imum gradient bears no relation to the 
shape of the curve, and this shape could 
be altered considerably without affecting 
the value of the 0.15,0.75—average gradi- 
ent. Thus, changes in the toe and 
shoulder might not affect the values of 
this average gradient appreciably, but 
it is quite likely that they would greatly 
affect an observer's estimate of sharpness. 
Since this work was done, the sharpness 
values obtained from it have been used 
by Higgins and Jones’? to develop a 
criterion that has been described else- 
where. The values given in the present 
paper are the unpublished data to which 
these writers refer. 


Conclusions 

The results of this investigation indi- 
cate that sharpness is a definite aspect 
of picture quality which can be reliably 
evaluated by psychometric * methods. 
Rither projected transparencies or paper 


100 100 


prints can be evaluated for sharpness by 
the methods described in this paper. 
The relative sharpness values thus ob- 
tained do not appear to be dependent to 
any great extent on the method used to 
quantify the subjective impressions, nor 
does the composition of the test object 
have much effect on the sharpness 
ratings, Although the preliminary at- 
tempts described herein to correlate 
sharpness ratings with physical measure- 
ments of some aspect of the developed 
image were not completely successful, 
the ratings themselves have been found 
useful in other studies of the subject. 
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APPENDIX: Analysis of Variance, Sharpness Rank Numbers; 10 Observers, 


6 Emulsions, 4 Test Objects. , 
Degrees Com- 
Source of of Sum of Mean Variance ponents of Standard 
variance freedom squares — squares ratio variance deviation 
Materials 5 546 109.2 tra 2.69 1.64 
Materials X 45 31 0.69 ey 0.06 0.24 
observers 
Materials X test 15 18 1.20 2.67** 0.07 0.27 
objects 
Residual 174 78 0.45 0.45 0.67 
Total 239 673 3.27 1.81 


Because of the nature of the data used, there is no variability caused by the observers, 
by the test objects, nor by the observers X test objects. Therefore, the analysis can be 
considered a “doubly incomplete three-factor analysis: one factor with double-order 
replication.”’ ‘The degrees of freedom of the observers, the test objects, and the observers 
* test objects are pooled with the residual. The effect of changing the test objects is 
revealed by the material X test object interaction. 
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Random Picture Spacing 
With Multiple Camera Installations 


By R. I. WILKINSON and H. G. ROMIG 


When several high-speed cameras are operated simultaneously, but inde- 
pendently, it is possible that the aggregate of pictures obtained will satis- 
factorily cover the space between the pictures provided by any one camera. 
This paper gives a method for estimating the probability that the longest 
interval without a picture will not exceed a selected value. 


. arise when the rate of 
taking pictures with the fastest available 
motion-picture camera is insufficient to 
examine the characteristics of a rapidly 
moving object or phenomenon. One 
solution would be to synchronize two or 
more cameras out of phase so as to ob- 
tain suitably spaced pictures inter- 
mediate to those provided by a single 
This would usually be an 
and time-consuming 


machine. 
expensive 
cedure. 
An alternative solution is to set up two 
or more high-speed cameras at the same 
location and operate them quite in- 
dependently hoping that by chance from 


pre 


the aggregate of pictures so obtained a 
sufficiently “continuous” record of the 


Presented on October 8, 1952, at the 
Society’s Convention at Washington, D.C., 
by R. I. Wilkinson (who read the paper) 
Bell Telephone Laboratories, Inc., 463 
West St., New York 14, and H. G. Romig, 
Hughes Aircraft Co., Culver City, Calif. 
(This paper received December 3, 
1952.) 

Ed Note: Due to the extensive nature of the 
discussion, the Chairman of the Board of 
clarification and editing, 
D. Miller has kindly 


was 


Editors sought 
a service which C. 
performed. 
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sequence of events will result. What 
kind of coverage can be obtained by this 
procedure, and in particular what quan- 
titative statement can be made regarding 
the adequacy of the coverage of the inter- 
val between the pictures provided by 
one camera? Since no particular sub- 
spacing of the pictures can be guaran- 
teed with such a random timing arrange- 
ment, any description of the coverage 
must be made in terms of probabilities. 

What, for instance, is the probability 
that with m cameras operating at random 
synchronization, there will be no more 
than ¢ time intervals between pictures, 
which exceed a fraction, r, of a selected 
picture interval J of any one camera? 
How many cameras need be set up to 
provide a high degree of assurance that 
the longest picture spacing in such an 
interval will be less than 7 sec? How 
much improvement in the picture defini- 
tion can be cbtained by doubling the 
number of cameras? If the probability 
of finding no spacings greater than 7 sec 
is doubtfully acceptable, will permitting 
one interval to be as large as 2: improve 
the assurance sufficiently to give a satis- 
factory program? ‘These and numbers 
of allied questions may be posed by 
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| | 


Picture Interval 


of One Camera 


> 


m segments 


Fig. 1. Random division of a line 
in m segments. 


those in charge of photographing very 
fast moving The theory of 
probability can give us their 
under certain simple assumptions as to 
the conditions of the experiment. 

The most precise probability state- 
ments can be made in regard to the 
picture spaces which occur in some 
interval J, the length of the frame 
interval for a single camera. Such an 
interval can be chosen at random or 
designated by an event or criterion not 
depending on an examination or knowl- 
edge of the current picture spacing con- 
figuration. Certain useful conjectures 
can also be made concerning the picture 
spacings over a succession of J intervals. 
The limited first problem will be studied 
in considerable detail and followed by 
some comments on the more general 
situation, 

Suppose m constant-speed cameras in 
random synchronization are taking high- 
speed pictures of some rapid phenom- 
enon. In Fig. 1 the length of the heavy 
line is 7 sec and represents the time be- 
tween successive pictures taken by 
camera No. 1. The picture instants of 
the other m-1 cameras might be as indi- 
cated by the heavy dots strewn ‘‘at ran- 
dom” along the length J. (The exposure 
time ‘s considered to be short compared 
with the picture interval 7.) We shall 
first determine the probability that none 
of the segments between the dots will 
exceed a length of 7 sec, and then solve 
the more general problem that exactly c 
segments will exceed 7 sec. 

Imagine the picture interval J to be 
made up of a great number n of much 
smaller unit intervals, and that meas- 


events, 
answers 
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ured in these intervals, the permissible 
picture spacing 7 is s units long. Our 
problem now resolves itself into the geo- 
metrical one: When a line n units long 
is divided arbitrarily into m segments, 
what is the probability that exactly c 
segments will be s units long or longer? 


A Mathematical Analogy * 


Consider the possible composition of 
any one segment of the picture interval J, 
say the first one. Its length may con- 
ceivably vary from 0 to n units. (In the 
latter case all the other segments would 
have to have 0 length, since the total of 
all segments equals n.) Represent 
mathematically all the possible lengths 
of the first segment by the expression 


(1) 


in which the exponent of x; indicates the 
number of units in the segment. Simi- 
larly the second segmenv’s possible values 
can be represented by the same form of 
series, and the third segment, etc., up to 
the mth segment. We write them all 
down, as though they were to be multi- 
plied together, as follows, 


+ xy) + +... 4 41") 
(x29 + x2! + xp? +... 442")... 


+ xm! + xm? Xm"). (2) 


Next imagine all of the multiplications 
performed. After dropping the 
scripts and collecting, the terms will 
range in degree all the way from Ax° 
to Wx". Somewhere there will be a 
term of the form Hx", and it will consist 
of selections of x’s one from each series, 
such that the sum of their exponents 
always equals n. In fact all possible 
combinations of such will 
have been discovered in multiplying out 
the above product of series, and the 


sub- 


selections 


* The technique used here is known as that 
of generating functions. It was used in the 
solution of this problem for the special case 
of ¢ = 0, by E. C. Molina of the American 
Telephone and Telegraph Co. in an un- 
published memorandum of September 1, 


1921. 
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number of such cases with exponents 
totaling n will be the coefficient of this x” 
term. But this is also the number of 
ways in Fig. 1 that m segments could 
have been given values from 0 to n, such 
that their total was always equal to n. 
Hence the coefficient of x" in the ex- 
pansion of (x® + x? + x27... + x*)™ will 
be the number of ways in which a line n 
units long can be divided into m seg- 
ments. 


The Mathematical Problem 

The coefficient of x" in (x® + x! 4+ x? + 
... + x")" will be the same as in (x° + 
xt + x? +...)™ in which the terms within 
the parenthesis do not end with x" since 
the x"*! and higher terms could con- 
tribute no cases to the final Hx" term 
we are secking. We then note that (x® + 
x? ++... = (1 — Ex- 
panding this binomial according to the 
rule for negative exponents, we have 


(3) 


n! 
Here the coefficient of x" is 
m(m+1)...(m+n—1) _ 
n! ( m—1 
(4) 


where the lefthand side of Eq. (4) denotes 
the number of combinations of m + n — 1 
things taken m — 1 at a time and the 
righthand side is a convenient notation 
meaning the same thing. This then is 
the total number of ways of dividing the 
line in Fig. 1 into m segments, with no 
restriction on the length of any one seg- 
ment, the only requirement being that 
the lengths of the m segments add up to n. 

Suppose we should now like to deter- 
mine the probability that none of the m 
segments above is s units or longer. If 
we can determine how many “‘favor- 
able” ways the line of Fig. 1 can be divided 
into m parts no one of which is longer 
than s — 1 units, the ratio of favorable to 
total ways will then produce the desired 
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probability, P,,.o, that of m segments none 
will equal or exceed s in length. 

To determine the number of favorable 
ways we proceed exactly as before repre- 
senting each segment with a mathemat- 
ical series, but now permitting no single 
series to go beyond the x*~' term. The 
m series when multiplied together are 
then 


(P+ x74... 4 (5) 


and we have the problem again of finding 

the coefficient of «", the number of ways 

of dividing the line n units long into m 

segments no one of which is s or more units 

in length. 

Expression (5) may be rewritten as 

(1 — x*)™/(1 — x)™ = (1 — x*)™(1 — x)-™ 
(6) 

Expanding each of the latter two factors, 

gives 


m(m 


[1 


mgr +1) 
2! 


[1 + ms + t+ 


mim +1)...(m +n — 1) | 

n! 

(7) 

It may now be seen that the coefficient 

of x" in (7), that is, the number of favor- 
able ways, is 


(m+n— 1)! (m+n—s— 1)! 


(m—1)int 1)! (n —s)! + 
m! (m+n — 2s — 1)! 
(m — 2)!2! (m — 1)"(n — 2s)! 
_ (m+n—ks —1)! 
( ~k)'k!(m — 1)"(n — ks)! 
(8) 
(m+n—1)! 
(m — 1)!n1 
\ (m+n—s-—1)! n! 
(n s)! 
m! (m+n—2s—1)! n! 


(m — 2)!2!(n — 2s)!(m +n — 1)! 


| 
ii 
| 


m'(m +n —ks 1)! n! 


( k 
— k)tk'"(n — ks)" m +n — 
(9) 
_(m +n — 
~ (m—1)!n! }! +) 
t=1 
(m+ n—ts — 1)!n!) (10) 


(n — ts)'"(m +n — 
Then the probability sought is 
Favorable Ways _ Equation (10) _ 
Total Ways Equation (4) 

t=1 
(m+n —ts —1)!n! 
(n — ts)!(m +n-—1)! 


(11) 


Now if we imagine the line in Fig. 1 to 
be made up of such a very large number 
of units that n approaches infinity, then s 
likewise will approach infinity. We re- 
tain however the desired conditions by 
setting s/n = rand requiring now that no 
one of the m segments should exceed the 
specified proportion r of the total length. 
With n and s approaching © and s/n = 1, 
the last fraction in Eq. (11), (m + n — 
ts — 1)!n!/(n — ts)!(m + n — 1)!, can 
be evaluated by Stirling’s Theorem for 
factorials, and is found to be (1 — tr)™™. 
Equation (11) can be rewritten more 
simply as 


Pmo = 1 +> — = 
t=1 


(5) - a+... (12) 


in which the series extends for all values 


oftaslongast<  <™m. 
r 


By a similar but slightly more involved 
procedure we can find the probability, 
Pe that exactly ¢ = 1,2,3,.. . segments 
of the picture interval / will have length 
ratios greater than 7, while the remain- 
ing m — c are all shorter than rv. ‘Thus 
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Pn e=("") > 
¢ 


t=c 
(13) 


in which (—1)*-¢ insures the terms of 
the series alternate in sign. 

The probability that not more than ¢ 
segments exceed a length ratio of r, 
is found from 


_ fe m 
c+1 m 
[1 —(e ‘+ ( 
2) 


{1 (14) 


Placing an added restriction on the 
problem, we may by a similar analysis 
write the probability P’,,, that ¢ seg- 
ments will exceed a length ratio r, but 
will not however exceed 27. Equation 
(13) then becomes 


t=<« 
(15) 


Correspondingly, when not more than c 
segments are to be permitted to exceed 
a length ratio r ( and none a length ratio 
of 2r), we have from Eq. (15) 


5-0 
1+ (")- m m 
(7)(.71) 
(16) 


Charts and Tables 
The curves of Fig. 2 have been calcu- 
lated from Eq. (12) for P,,.9, the prob- 


c 
Pats = ij = 
j=1 
( t ( m ) 
t— t+1 
‘ 
| 


Wy 
x 
» 
Q 
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& 
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=e 
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r= RATIO OF -DESIRED SPACING \TO 
LENGTH OF TOTAL INTERVAL. 


Fig. 2. Random spaces within an interval; number of cameras, m, required 
to provide assurance, P,,9, that desired spacing ratio, r, is not exceeded. 
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ability that no one of the m segments will 
exceed the specified proportion r of the 
total interval. Figure 3 gives the prob- 
ability, P’,, thatno more than one of the 
segments exceeds the proportionate 
length 7, and if so is less than 27, and is 
calculated from P’,, >; = P,.9 + 

From the curves of Fig. 2, Table I is 
constructed for ready reference. It gives 
the numbers of segments into which a 
line must be divided to obtain various 
assurances that all the segments will be 
shorter than any desired proportion of 
the line’s total length. 


Table I. Number of Segments (Cameras ) 
Required to Yield an Assurance /’,, » That 
No Segment (Picture Space) Exceeds a 
Proportion 7 of the Entire Line (a 
Selected Frame Interval). 


1 


09 £46 6 £10 7 
0.95 30 18 12 9 
0.99 39 23 16 11 
0 


.999 


50 29 20 15 


Interpretation in Terms of the 
Camera Problem 


If the motion-picture cameras em- 
ployed jointly in taking photographs of a 
rapid phenomenon can be assumed to be 
operating substantially in random phase 
with one another, then the probability 
relationships derived above be 
directly applied to any phenomenon of 
special interest which occurs so quickly 
as to fall within the picture interval 
time of one camera. This of course will 
not always be the case since one’s 
interest may commonly extend over 
several, or many, framing intervals. 

If by some feature of synchronous 
motor design, or other means, one could 
ensure only a small difference in the 
frame speeds of the several cameras 
employed (say less than 1%), it would 
by possible to extend a statement re- 
garding one / interval to cover a period 
of such intervals, since successive intervals 
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would repeat almost identical picture 
spacings. It is more likely, however, 
that the framing speeds of a group of 
cameras will vary quite widely, for 
example up to +10°) from a nominal 
value. Then with a limited number of 
cameras one 7 interval can hardly be 
considered as looking like its predecessor 
or successor, either actually or statis- 
tically, and a strong statement as to 
the probability of exceeding an allow- 
able picture spacing anywhere in a short 
strip of several frames would be quite 
difficult to set down. However, for a 
period of only 2 or 3 frames, using 
cameras with no more than a few 
percent speed variation, it would seem 
likely that the picture configuration 
would not have changed so much but 
that one could usually apply usefully 
the single interval probability analysis: 
that is P,,,. is approximately the proba- 
bility that exactly ¢ intervals in each 
frame exceed the permitted spacing. 


Example 1. If 10 high-speed cameras, 
each having a picture rate of 5000/sec, 
are used in parallel to photograph a 
projectile striking a barrier, what is the 
probability that during the 0.2 msec 
following impact there will be no interval 
between pictures longer than 1 = 0.0001 
sec? Here the picture interval for a 
single camera is J = 0.0002 sec. The 
ratio r of the permissible interval 2 to the 
whole interval J is r = 0.5. Entering 
the chart of Fig. 2, with an abscissa of 
r = 0.5, and reading up to the m = 10 
curve, we find a point opposite P,,.9 = 
0.98. Thus we have an assurance of 98 
chances in 100 that there will be no pic- 
ture spacing among all those of interest 
which exceeds 0.0001 sec. 


Example 2. Suppose in Example 1 only 
5 cameras instead of 10 had been avail- 
able. How much would the assurance 
have been lowered that the longest pic- 
ture space would not exceed 0.0001 sec? 
Again consulting Fig. 2, we see the prob- 
ability is reduced from 0.98 to 0.69, 
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Fig. 3. Random spaces within an interval; number of cameras, m, required 
to provide assurance, P’,,, > , that desired spacing ratio, r, is not exceeded 
by more than one case and that that case is less than 2r. 
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which might not now be an acceptable 
assurance if it were highly important 
that no picture spacing exceed 0.0001 sec. 


Example 3. In a certain type of explo- 
sion lasting about 0.01 sec, pictures are 
desired no further than 0.001 sec apart. 
‘Twenty cameras are at hand operating 
at 200 frames/sec. Will they be ade- 
quate to the requirements if operated 
in parallel with random synchronization? 
Here r = 0.001/(1/200) = 0.2, and 
from Fig. 2 we read that the probability 
is only 0.72 that all picture spaces will 
be less than the desired This 
would likely not give sufficient con- 
fidence of the scheme’s satisfactoriness. 
We should perhaps then choose the 
minimum probability which would give 
us a feeling of confidence, say P = 0.90. 
With 20 cameras and this new assurance 
we find on Fig. 2 the corresponding r 
to be 0.24, which is only a little larger 
than the 0,20 originally specified, and 
might very well be a tolerated spacing 
since this is an upper limit (not exceeded 
with probability P = 0.90) to the largest 
picture space at the moment of explosion. 
Or, alternatively, permitting the in- 
terval ratio to increase to r = 0.3, would 
raise to P = 0,977 the assurance that 
none of the picture spaces exceeds this 
amount. 


ratio. 


Example 4. Another alternative to the 
solutions of Example 3 is to retain r = 0.2 
as originally proposed, but now permit 
one space ratio to be as large as 27, that 
isr; = 0.4, all other space ratios remain- 
ing less than 0.2. (This largest spaee 
ratio is not required to exceed 0.2, it 
merely may exceed it.) When the condi- 
tions are thus slightly relaxed, the prob- 
ability of meeting them can be read from 
Fig. 3. In the present example, the 
assurance is 0.987, which is almost identi- 
cal with that obtained when all ratios 
were allowed to go as high as r = 0.3. 
This information combined with the 
original assurance that 72% of the time 
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all picture spaces of interest would be 


less than 0.001 sec (r = 0.2), might 
persuade us that the employment of 20 
cameras here would be satisfactory. 

If the event of interest covers a long 
strip of film, the analysis above can 
still be useful. With a number of 
cameras running at different speeds we 
may visualize that before very many 
hundreds of frames have been run off 
the aggregate of the /-intervals will have 
produced a variety of arrangements and 
lengths of picture spacings not unlike 
those comprising the ‘Total Cases”” in 
the mathematical analysis above. Then 
we may interpret P,,,. as not only the 
probability of a selected random /- 
interval containing ¢ picture spacings 
greater than r, but also that of all the 
large number of J-intervals we should 
expect a proportion P,,,. to have just 
¢ spacings greater than r. Furthermore, 
if P,,.9 is chosen close to unity (the usual 
case) the occurrence of more than one 
space exceeding r in the same /-interval 
will be rare; in which circumstance we 
may expect closely the proportion 


1 
(1 — P,,.0) of all the picture spaces 
m 


in the film to exceed the length r, and 
the proportion 


(17) 


i- — Paso) 


m 


to be smaller than r. 


Example 5. In photographing a rapid 
machine operation, how many cameras 
in random synchronization must be pro- 
vided so that 99.9% of all picture spac- 
ings can be expected to be shorter than 
0.2 of the single-camera frame interval? 
By trial in Eq. (17) it is found that 
n = 31 cameras yield E = 0.999. 
Since the value of P,,.9 involved here 
is close to unity (0.965), it may be 
assumed that most of the remaining 
probability is comprised by P,,,, and 
the approximation of Eq. (17) will be 
satisfactory. 


November 1953 Journal of the SMPTE Vol. 61 


4 

| | 
| 


Finally there is the important case* 
in which an event of extremely short 
duration may conceivably fall in so 
long a picture space that satisfactory 
character cannot be 
We here require the probability 


analysis of its 
made. 
that a random point in time will fall 
in a picture interval greater than r. 
The solution involves weighing the 
probability of occurrence of intervals 
having 0, 1, 2 ... picture spaces longer 
than r by the probability that when such 
spaces occur, the random point will 
fall in one or another of these “long” 
The solution is readily obtained 
the previous 


spaces, 
using an 
analysis. 

The average length of a picture space 
of the “too long” variety, when it 
occurs, is required, The ways in which 
with m cameras a single space of length 
z = s + k or longer can occur is given 
by the coefficient of x" in the array, 


+ 


(xe t® 4 ge 4 


extension of 


(18) 


Determining the ratio of favorable ways 
to total ways, and as before letting 1, 
s and z approach infinity, with s/n = 1, 
z/n = Ji, results in 


P (single space = 7;) = m>> 
t=1 


m— 1 
= mod 


where the upper limit of ¢ is the integral 
part of (1 — j,)/r + 1. Then the 
relative frequency of occurrence of one 
“too long” space of length 7; is 


(19) 


-dP( 


> (-1) 
t=1 t—1 


{1 — — — 1)r]™~? 


{Gdn = = m(m — 1) X 


(20) 


* Called to the authors’ attention by C. D. 
Miller of Battelle Memorial Institute. 


Wilkinson and Romig: 


Random Picture Spacing 


And finally the average value of ;, is 


Sts 


[mr(1 — tr)™-! + (1 — tr)™] (21) 


where the upper limit of ¢ is now the 
integral part of 1/r. 

Similarly expressions for jo, 
can be obtained which give the average 
picture space when 2, 3, ...2, ... spaces 
exceed the permitted ratio r.* Then 
the total probability that the point- 
event will not fall in a ‘“‘too long” space is 


272) + (22) 
In the usual case P,,,2, will 


be small, also 7; > j2 > Js , so that 
close upper and lower limits on // are, 
respectively, 


Hy = Past + (1 ji) + ) 
Part + Pass + 
| 
Hr, = Paso + — ji) + 
271) + = | 


Example 6. With varying numbers of 
cameras, from 20 to 50, operating at 
5000 frames/sec, what is the probability 
that an event of extremely short duration 
will fall in a picture interval longer 
than 0.04 msec? Here / = 0.0002, 
r = 0,00004/0.0002 = 0.2. Solving 
for j; in (21) and substituting in the two 
limit expressions of (23), yields the 
following values: 

*It may be noted through geometrical 
consideration, that when (1 — 1)/mr ts 
small, say less than 0.2, ),; is closely ap- 


proximated by r + 4 


m 


— \ 
eC 
| 
ous | 


x0 0.953738 0 046102 0.000160 
40 0.993356 0.006643 0.000002 
50 999108 


0.000892 


The limits here are seen to specify very 
narrowly the desired probability 
In this example, if an assurance of 
approximately 0.99 is desired that the 
point should not fall in a space longer 
than 0.04 msec, 30 cameras need to be 
provided. 
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Discussion 
Richard O. Painter, (General Motors 
Proving Ground, Milford, Mich., and Chair- 
man of the Session): At this time we will 
have any questions from the floor. 
Kenneth Shaftan (J. A. Maurer, Inc.)*: 


* The transcript of Mr. Shaftan’s remarks 
has been edited by C. D. Miller after Mr. 
Shaftan’s death, to provide this discussion. 
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(lower 


(upper 


limit limit 

yt to to H) 

0 000031 24087 9306 
0.22672 0.9895 0.9895 

0.22000 0.9985 0.9985 


0.21600 0.9998 0.9998 


My comments will constitute a discus- 
sion rather than a question. ‘The authors 
have achieved a partial solution to the 
problem of complete coverage of various 
phenomena. Of course, one of the best 
approaches to the problem is to utilize 
some aspect of the phenomenon under 
study which can be recorded in some con- 
tinuousmanner. ‘Then you are no longer 
worried about sampling rates. A con- 
sideration fundamental in a system such 
as that treated by the authors is the fact 
one must be able to arrive easily at a 
timewise correlation between the runs of 
different cameras, “The man-hours being 
spent on this fundamental problem are 
tremendous. 

The timewise correlation can be 
achieved directly by various systems of 
synchronizing cameras. Such asynchro- 
nization can be achieved at high frame 
rates. For example, let us consider the 
case of a camera wth a rotating prism 
having two plane surfaces. Two such 
cameras can be synchronized with the 
prisms 90 degrees out of phase. With 
360 such cameras we could provide 
synchronization for each half degree of 
prism rotation, hence, 360 times the 
framing rate. 

One of the most important considera- 
tions, though, is that of lashing down 
time in such a fashion as to establish the 
interval between frames exceptionally 
well for tne individual camera, as well 
as this matter of synchronization from 
run to run, or Camera to camera. 

Mr. Wilkinson: You would certainly 
need a time trace of some sort that was 
appearing simultaneously in all of the 
camera films so you could lay the pic- 
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tures alongside each other to test what 
distance camera No, 2, for example, was 
from camera No. 1. 

Mr. Shaftan: That is the big problem. 

Mr. Wilkinson: Apparently they have 
been able to do something along that 
line. I see Mr. Waddell, who used this 
technique, nodding his head. How he 
did it you will have to ask of him. 

John Voorhees (Battelle Memorial 
Institute): In the example you cited, using 
several cameras in the photography of an 
atomic bomb explosion, what solution 
was chosen from this computation? 

Mr. Wilkinson: The answer to that 
question cannot be revealed. 

Dr. Schardin: You say it can’t? 

Mr. Wilkinson: 1 don’t believe so. 

{Discussions by H. Schardin and by C. 
D. Miller have been clarified and ampli- 
fied at the request of the Chairman of the 
Board of Editors and appear below in the 
revised forms. | 


Comments Solicited by the 
Chairman of the Board of Editors 


Dr. H. Schardin (Laboratoire de Recherches, 
St. Louis, France): The object of a motion- 
picture series is to make possible an 
analysis of the space-time relations of a 
visible phenomenon after its occurrence. 
With most photographic equipment, the 
quality of resolution of space and time 
are mutually dependent. In other words 
a higher repetition rate is possible only 
through a reduction of image size. Here 
we are considering the question as to how 
an improvement of timewise resolution 
can be accomplished without change of 
the resolution spacewise. 

An often-used method, propounded by 
the authors, is to increase the number of 
frames per second by the simultaneous 
use of a number of identical pieces of 
equipment. With this method, each ap- 
paratus photographs the subject on the 
same scale as if it were used alone. If 
similar cameras are used, each with a 
repetition rate of approximately /,, 
the average combined repetition rate 
may be expressed nf,. How- 
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ever, the quality of the timewise reso- 
lution is not then simply proportional 
to nf,. It is instead proportional to 
(g) X (nf,)'/, where g is the resulting 
quality factor.* The quality factor g in 
this case is the ratio of the reciprocal of 
the repetition rate to the exposure dura- 
tion of an individual frame. 

If n cameras are used side by side, al- 
though the average repetition rate in- 
creases to nf,, the average quality factor 
decreases to Hence, the timewise 

n 
resolution is proportional to 


The timewise resolution, therefore, is 
only Yn times as great as with the use of 
a single camera. 

Conditions become essentially more 
favorable if, with the increase in number 
of cameras, the nature of the cameras is 
changed. ‘The repetition rate is limited, 
among other things, by the frame height 
(not by the frame width). To obtain 
better timewise resolution, cameras can 
be used with a suitable n-fold reduction 
of the frame height. Such an arrange- 
ment allows an n-fold increase in repeti- 
tion rate with an unchanged quality 
factor. In many cases, such an arrange- 
ment is simple to realize with prism 
apparatus. 

The entire field is now no _ longer 
photographed by each camera. In- 
stead, the individual fields of the cameras 
border each other. With n cameras the 
field of each camera corresponds to one 
nth part of the entire field. Yet the 
entire field is recorded with unchanged 


spacewise resolution. The timewise 


resolution is then proportional to 


= X gfw'/s, 


*See H. Schardin, Schweizerische Photo- 
rundschau, 14: p. 294 (1951). 
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a 
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which is better than in the previous case 


n 
by the factor =n 


If cameras with an n-fold reduction of 


frame height but unchanged frame width 
are not available, the possibility can still 
be investigated of using suitable equip- 
ment with which the frame height and 
frame width are reduced in like degree. 
For example, 4 16mm cameras or 16 
8mm cameras can be used in preference 
to 4 or 16 35mm cameras. By use of 
such narrow-film cameras, a timewise 
resolution is obtained proportional to 


nfw)'/t = X of w*/2. 


In comparison to n cameras using film 
of normal width, we then have an ad- 
vantage in timewise resolution by a 
factor of n‘/*, as well as the further ad- 
vantages of reduced area of film required 
by a factor of Yn and lower cost of the 
experimental equipment. 

We are often not concerned with such 
material advantages, but only with in- 
creasing the accuracy of measurement to 


allow even the establishment of the 
existence of an effect that has been 
sought. It should be pointed out here 


that a fundamental advantage is offered, 
with the simultaneous use of a number of 
cameras, by the principle of subdivision 
of the field. With use of this principle, 
it is not of great importance whether the 
cameras are synchronized or not. 

C.D. Miller (Battelle Memorial Institute): 
The authors have contributed a valuable 
service in providing a mathematical 
solution to the probability of capturing 
rapid events by a sampling technique. 

As peinted out by Dr. Schardin, an 
increase in repetition rate with un- 
changed exposure duration for the 
individual frame is of considerably less 
value than a like increase in repetition 
rate accompanied by a_ proportional 
reduction of exposure duration. How- 
ever, the nuances encountered in the 


application of this principle are quite 
remarkable, 
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The question of the desirability of a 
small ratio of exposure duration to inter- 
val between consecutive frames depends 
a great deal upon the purpose of the 
photographs. Ordinarily, if the purpose 
is to treat the individual frames as stills, 
and to make measurements of displace- 
ments from those stills, there is certainly 
nothing to be gained by having more 
exposures per second than the reciprocal 
of the exposure duration of an individual 
frame. Ordinarily there is even little 
to be gained in obtaining more than one- 
tenth that repetition rate. 

On the other hand, if the purpose is 
to produce a motion picture for viewing 
on a projection screen, there is an ad- 
vantage in increasing the number of 
pictures even beyond the reciprocal of 
the exposure duration. However, for 
this purpose, the increased number of 
pictures can be obtained in the process 
of reproduction from the original film, 
rather than by extending the repetition 
rate of the high-speed camera beyond 
the reciprocal of the exposure duration. 

We took some photographs at NACA 
of the phenomenon of knock in a spark- 
ignited piston engine at 200,000 frames 
sec, approximately the reciprocal of the 
exposure duration. However, when 
these photographs were projected at 16 
frames sec, the detonation wave which 
travels through the mixture at the time 
of knock was still too fast to follow readily 
by eye. So we printed those pictures, 
dissolving one frame into the next in the 
printing process, so that over a distance 
of five frames on the print we gradually 
changed from the first to the second 
frame that we had taken with our high- 
speed camera, over the next five frames 
we dissolved from the second frame into 
the third, and so on. By that method, 
we obtained a slow-motion picture which 
showed on the projection screen very dis- 
tinctly a phenomenon that could not be 
seen when the original photographs were 
projected, and with no visible decrease 
in the spacewise resolution. Moreover, 
this result could not be obtained by 


| 
. 


simply printing each frame of the original 
five times on the print. The effect of 
dissolving one frame into the next was 
essential. Moreover, this method of 
slowing down the motion picture by 
multiplication of frames in the printing 
process would probably not be successful 
if the repetition rate of the high-speed 
camera were substantially less than the 
reciprocal of the exposure duration. 

Essentially, all information obtained 
from high-speed photographs consists of 
determination of spatial velocities at 
various instants of time. A rate deter- 
mination, of course, consists of a distance 
divided by a time interval. In such 
determinations from high-speed photo- 
graphs, the distance used is proportional 
to the reciprocal of the repetition rate. 
The degree of accuracy of the deter- 
mination of this distance, however, 
varies inversely with the exposure dura- 
tion. Hence, as the exposure duration 
is increased relative to the reciprocal of 
the repetition rate, the accuracy of the 
determination of distance, and hence the 
accuracy of the determination of rate, 
diminishes. 

A rate determined upon the basis of 
the distance moved between the exposure 
of two successive frames must, of course, 
be an average rate for the movement 
between the exposures of those two 
frames. The rate at any instant between 
the two exposures may be treated as 
approximately equal to the average rate 
throughout the interval between the two 
exposures. Better, a curve may be con- 
structed from average rates determined 
for the intervals between a large number 
of consecutive frames, and the rate for 
any instant of time may be read from the 
curve so constructed. 

Even the second procedure is only 
approximate. Hence the desire to ob- 
tain more accurate determination of rates 
for several chronological points between 
the exposures of successive frames, by the 
exposure of additional frames through- 
out the interval. However, as we in- 
crease the number of exposures without 


Wilkinson and Romig: 


decreasing the exposure duration, we 
encounter this problem of diminishing 
accuracy. Unfortunately, as we reach 
the value of repetition rate equal to the 
reciprocal of the exposure duration, the 
accuracy of the rate determination di- 
minishes to about the same value as 
would be determined by a curve con- 
structed from photographs taken at a 
lower repetition rate. 

Problems exist, however, for which the 
foregoing reasoning does not apply, even 
when the photographs are used as stills 
for measurements. An example would 
be a hypothetical event in which an 
object becomes intensely luminous within 
an interval of perhaps one microsecond 
or less. In such a case, it might be de- 
sired to determine the exact time of de- 
velopment of luminosity. ‘The luminos- 
ity might be assumed to be so great as to 
produce a dense exposure on the photo- 
sensitive film within one microsecond. 
Under these conditions, assuming an 
exposure duration of one millisecond 
provided by an individual camera, and 
assuming an infinitely quick cutoff of 
the exposure in each camera, Camera A 
might photograph the luminosity during 
the last microsecond of its one-milli- 
second exposure, whereas Camera B, 
phased one microsecond later than 
Camera A, would miss the development 
of the luminosity entirely. In such a 
case, great value might result from an 
increase in repetition rate far beyond 
the reciprocal of the exposure duration, 
if means were provided for a sufficiently 
accurate determination of the relative 
phasing of the cameras. Also, in this 
case, Dr. Schardin’s quality factor would 
not apply in any simple manner. 

John H. Waddell (Wollensak Optical Co.): 
I would like to present the two primary 
reasons for inviting the authors to give 
this classic paper on the application of 
random sampling to high-speed camera 
operation. 

(1) Field Operation. Oftentimes it is 
necessary to round up or to use equip- 
ment which is readily available, and to 
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Discussion Fig. 1. Timing pips in four 
films; time separation, 1 msec. Order 
in which films would be read or printed: 
(1) C, (2) A, (3) D and (4) B. 


get the best results for a minimum num- 
ber of dollars. The questions one asks 
first are: How portable is the equip- 
ment, and is it easy to set up and to use? 

It is conceivable to set up a synchro- 
selsyn system for camera operation which 
would cost a million or two million dol- 
lars, and would require two or three 
years to develop and another six months 
or a year to train a crew to operate the 
system. Furthermore, such a_ system 
has a complex operating mechanism 
which requires top-flight engineers to set 
it up and to maintain it. 

It is also possible to design and build 
single cameras to perform such a task— 
but where is a camera system which can 
possibly photograph up to x number of 
camera times 4000, 16mm _ pictures, or 
8000, 8mm pictures times the fraction of 
a second that it takes the 100-ft lengths 
of film to be taken with a synchronizing 
time signal of 0.001 in. on all films? 
The high repetitive rate cameras are 
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either bulky (may weigh up to 4 tons), 
do not have the desired time cycle, or 
their resolution is not as much as desired. 

Furthermore, it is often desirable to 
design completely a complete operating 
photographic system in as little as two 
weeks, and not two years. 

(2) Interpretation of Results. The 
films obtained can be either projected or 
read frame by frame. 

Typical timing marks with respect to 
frame positions for four cameras are 
shown in Discussion Fig. 1. 

In frame-by-frame analysis, the timing 
can be considered linear between any 
two timing marks, since the change in 
slope on acceleration or in steady state is 
negligible and below the limits of experi- 
mentalerror. With the same signal from 
the master oscillator being placed on all 
the films, and with zero time starting 
after the cameras are moving, the count- 
ing is a comparatively easy task. 

As far as the motion-picture record 
goes, there is an accepted practice in 
printing in which a single frame can be 
printed in any multiple desired (as the 
24 frames of the Schardin picture which 
were printed about 5 times each to get a 
long record), or the frames from different 
negatives can be printed on a single film 
by skip printing the positive. In the 
there 
means available for checking the nega- 


optical printer, must be some 
tive registration. 

I believe this paper is of fundamental 
and classical importance, and is an un- 
biased, extremely valuable contribution 


to the science of high-speed photography. 
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By W. O. S. JOHNSON 


High-Speed Photography 
in the Chemical Industry 


The du Pont Company’s Mechanical Development Laboratory has made use 


of high-speed photographic techniques in the evaluation of chemical, metal- 


lurgical and mechanical processes. 


To cover the wide range of subjects 


encountered, some development work on cameras, lights and associated 


"Rigs Mechanical Development Labora- 
tory of the du Pont Company's Engi- 
neering Department purchased its first 
high-speed photographic equipment, a 
Western Electric Fastax 16mm camera, 
in 1946 after a series of successful 
pictures had been taken for it by an 
outside consultant firm. ‘These pictures 
covered the early stages of the develop- 
ment of a new autoloading shotgun, in 
cooperation with the Remington Arms 
Co., and showed clearly the accomplish- 
ments possible in the field of high-speed 
motion analysis. Following these early 
pictures, every design change on_ the 
new gun was assessed by means of high- 
speed photography. The action of each 
latch, spring and lever, and the effect of 
high- and low-velocity shells on the 
mechanism were the subject of numerous 
pictures. 


Presented on October 9, 1952, at the 
Society’s Convention at Washington, D.C., 
by W. O. S. Johnson, E. 1. du Pont de 
Nemours & Co., Inec., Mechanical De- 
velopment Laboratory, 101 Beech Si, 
Wilmington, Del. 

(This paper was received Sept. 21, 1953.) 


equipment has been necessary. This work is described herein. 
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In connection with the development 
of a safety device for a black powder 
wrapping machine, it was necessary to 
determine the flame-propagation speed 
of the particular type of powder being 
handled and then to develop a suitable 
guillotine-type door which would. seal 
off the entry and exit ports to the room 
containing the machine. In this opera- 
tion, unwrapped black powder pellets 
are fed to the machine in a continuous 
stream on a belt conveyor. After tests 
were run to determine the flame-front 
velocity of the stream of powder, a 
photocell-triggered gate was developed 
and tested. High-speed pictures of this 
gate revealed all the critical factors: 

(1) the triggering electronic circuit 
performed satisfactorily ; 

(2) the water spray preceded the 
blade in its downward travel; 

(3) the blade closed within the de- 
sired interval (actual stroke duration 
less than 10 msec) ; 

(4) the deceleration pads operated as 
planned; and 

(5) the flame was completely stopped 
at the barrier even though a solid powder 
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Fig. 1. Curve showing flame front 
travel in train of unwrapped black 
powder pellets. 


line had existed through the opening 
and the condition of the powder dust 
typical of the operation was simulated 
as nearly as possible. 

time-displacement 
powder flame front is shown in Fig. 1. 

Next, the assistance of high-speed 
photography was requested in connection 
with one of the Company’s textile fiber 
packaging operations. To obtain the 
type of information needed, it was 
necessary to develop some method of 
frame-by-frame analysis from which 
time-displacement curves could — be 
plotted for the elements under investi- 
A Bell & Howell Filmosound 
projector was purchased and fitted 
with suitable handcrank and frame 
counter. <A heat-reducing filter of suffi- 
cient cooling capacity permitted the 
examination of any single frame for an 
unlimited period. A 
equipped can now be purchased as a 
standard item. This unit proved in- 
valuable in the textile studies, all 
measurements being made directly from 
the projected images. A vertical draw- 
ing board equipped with a drafing 
machine was used as a projection screen 
because of the large number of measure- 
ments required. It was found that this 
arrangement facilitated the measure- 
ment of angular rotation as well as 
linear dimensions, the straight edge 


curve of the 


gation. 


projector so 
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being laid tangent to a line on the image 
and the angle read directly and ac- 
curately, regardless of change in position 
of the rotating member in the field from 
frame to frame. 

One problem which became evident 
as the use of the high-speed camera 
was extended, particularly in the textile 
field and in the study of sprayed ma- 
terials, was the need for improved time 
resolution. The Fastax camera as 
manufactured has an exposure ratio of 
1 to 3; that is, at 5,000 frames ‘sec the 
exposure duration is 1/15,000 sec, or 
66 ysec. photographing filament 
action in many yarn-handling opera- 
tions, calculations showed transverse 
filament velocity in terms of filament 
diameter to be high enough so that 
blurring of the image of the filaments 
occur during the 66-usec ex- 

Test runs corrobated 
conclusions. Since the rear opening in 
the camera’s aperture box (the sta- 
tionary box around the rotating prism) 
serves as the optical equivalent of a 
focal-plane shutter, it appeared that by 
varying the vertical height of the 


would 


posure. these 


opening, the exposure duration could 
be adjusted independent of the frame 


Three additional aperture boxes 
rear 


rate. 
were fabricated, one having a 
aperture one half the normal height; 
one, one-quarter the normal height; 
and one having an opening 0.010 in. 
wide. Using these, exposure durations 
of 33, 17, and 4 usec, respectively, were 
realized at 5,000 frames sec with some 
loss in frame height. order to 
maintain full frame height, it was 
necessary to widen the front opening of 
each aperture box slightly. 

marked reduction motion- 
produced blurring was accomplished 
(Fig. 2); however, the time distortion 
common to all focal-plane shutter 
cameras was noted. Of course, a pro- 
portional increase in light intensity was 
necessary. 

In order to effect the split-second 
synchronization of light, camera and 
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Fig. 2. Appearance of small sphere traveling at 100,000 diameters ‘sec 


with various apertures 


subject so often necessary to this work, 
an overall sequence controller, de- 
veloped by the Remington Arms Co. 
for its own use, was adapted with minor 
modifications. This device controls the 
operation of the lights, the camera, and 
single or multiple operation of the event 
wherever this can be accomplished 
electrically. 

In order to take advantage of the 
improvements recently incorporated into 
the Fastax camera, namely the high- 
resolution prism and the bright-field 
viewfinder a new 16mm _ Fastax was 
purchased. The prism of the original 
Fastax has been removed in order to 
provide a high-speed streak and oscillo- 
graphic camera, which, with the afore- 
mentioned aperture boxes, is capable of 
a time resolution of 2 to 4 ysec. In 
the study of impacts, for example, it 
can provide more complete information 
than any standard frame-type camera 
since a normal camera sees the object 
being viewed for but a fraction of the 
total time, while a streak camera views 
the object continuously during the taking 


cycle. Figure 3 is the streak image of 
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- several consecutive frames superimposed. 


a punch as it is struck by a dropping 
hammer. 

An Edgerton high-speed stroboscope 
was purchased to provide microsecond 
time resolution without the intense heat 
produced by the incandescent sources 
normally used. Many of the operations 
about which we are most concerned are 
strongly affected by ambient tempera- 
ture. The presence of a hot body in 
close proximity to the operation is often 
required to provide sufficient light and 
in several instances has caused a com- 
plete breakdown of the process being 
investigated. This has been particularly 
evident in research on the mechanism 
of spinning of synthetic fibers. 

In connection with this same research, 
lens equipment was needed which would 
provide greater flexibility than those 
normally supplied with the  Fastax 
camera. We had already obtained the 
standard complement of lenses including 
the 25-, 35-, 50- and 104-mm_ lenses 
and had built lens extension barrels to 
permit focusing these lenses at shorter 
distances than those for which they were 
normally rated. Due to the unique 
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construction of the bayonet lens mount, 
however, a dead spot existed for each 
lens since the minimum thickness of the 
adapters was 516 in. ‘This was con- 
siderably greater than the total focusing 
excursion of any of the above lenses. In 
order to overcome this difficulty, we 
obtained 48-mm and 72-mm Micro- 
Tessar lenses and fabricated slip-tube 
adapters by means of which the lenses 
could be focused at any film-to-subject 
distance. ‘These lenses have been used 
with marked success in microscopic 
high-speed photographs of individual 
filaments at magnification ratios up to 
5 to 1, field width being less than 1/10 
in. The lenses have also been used 
successfully in macrophotography. 

A Sept 35mm camera was purchased 
and altered to provide a continuously 
moving film camera which could be 
used for streak or oscillographic photog- 
raphy. In addition, it has been used 
in many instances with the Strobotac- 
Strobolux combination for taking 
motion pictures of action so slow that 
the use of regular high-speed equipment 
was thought to be unnecessary. In 
this connection, it was found that two 
or more Stroboluxes may be triggered 
by a single Strobotac and that by using 
this arrangement satisfactory pictures 
of many subjects may be taken. Figure 
4 is an example of the use of this tech- 
nique in studying bubble formation. 
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The operation of bubbling vapors 
through liquids as a method of accom- 
plishing transfer of either liquid or gas 
components is a basic operation in 
many chemical processes. The purpose 
of the study was to obtain data relative 
to the effect of bubble rate, gas density 
and viscosity, liquid density and vis- 
cosity, surface tension, hole size, ete. 
Simultaneous high-speed pictures and 
dynamic pressure records were taken 
in many Cases. 

In addition to the necessarily abbre- 
viated examples presented here of 
applications of high-speed photography 
at the du Pont Company’s Mechanical 
Development Laboratory, the technique 
has been used in the investigation of 
almost every phase of textile manufac- 
ture, from the spinning of a_ single 
filament to the sewing of finished fabrics; 
in the study of paint spraying; in 
metallurgical studies; and in the investi- 
gation of fundamental chemical proc- 
esses. It has also been used to study 
the effect of explosions. 

High-speed photography has proved 
to be a valuable research tool; however, 
our many investigations have shown 
that there is an enormous field which 
present equipment does not cover. We 
are looking forward to the time when 
picture rates many times in excess of 
what is now possible will be common- 
place. 
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Full-Frame 35mm Fastax Camera 


By JOHN H. WADDELL 


A full-frame 35mm rotating-prism type camera is described and its features 


discussed. 
from 100 to 2500 frames /sec. 


ee five major 35mm full 
frame high-speed motion picture cameras 
have been designed. Jenkins designed 
one employing a rotating-lens system, 
later Zeiss and then Wyckoff and 
Partsch designed a camera using the 
same principle. Edgerton built 
synchronized with flashing high-voltage 
gas-discharge tubes. Chesterman and 
Myers designed one using a rotating 
prism. And there have been several 
other single cameras, built for specific 
purposes, some of which used rotating 


one 


mirrors. 

Rotating-Lens Cameras: Herbert Grier, 
of Edgerton, Germeshausen and Grier, 
stipulated that measurements from high- 
speed camera films be accurate to ;'5 
of 1%. It is almost impossible to find 
20 or more matched lenses for a rotating- 
lens camera whose focal length can be 
maintained to give films within the ,'5 


Presented on May 1, 1953, at the Society’s 
Convention at Los Angeles, by John H. 
Waddell, Industrial and Technical Photo- 
graphic Div., Wollensak Optical Co., 
Rochester 21, N.Y. This paper was 
scheduled in the International Symposium 
on High-Speed Photography held at 
Washington, October 1952. 

(This paper was received October 8, 1953.) 
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The camera has a 500-ft capacity and a picture-taking rate of 


of 1% requirement, under varying 


conditions of temperature. 


Rotating- Mirror Cameras: These are po- 
tentially better but the film drive is 
rather complex. The optical per- 
formance of mirrors is an attractive 
argument in their favor. 

Cameras Using Synchronized High-Voltage 
Flashtubes: In a camera with no shutter, 
the flashtube must fire very fast, for 
reasonably high  picture-taking rates. 
The resolving power desired in cameras 
today must be better than 50 lines mm, 
or the individual line would be 0.01 mm 
or 0.0004 in. To assure good image 
quality with a moving film, this film 
should not move more than 0.0002 in. 
during exposure. The study of the 
effect of film velocity versus time of 
exposure to obtain this quality is: 


Velocity of film to 
get 0.0002-in. smear 
(ips ) 

200 

20 

2 
0.02 


Time of flash 
(usec ) 


It is to be noted that the high-voltage 
lamps, when used in conjunction with 
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image-compensating type cameras, pro- 
duce images of the highest possible 
resolution. 

Rotating-prism cameras have been 
manufactured and used extensively in 
the 8mm, double-width 8mm, 16mm, 
and half-frame height 35mm frame sizes. 
They all have one deficiency, and that 
is that no satisfactory enlargements can 
be made on full-frame 35mm film for 
large-screen projection. On a 16mm 
film which had 50-lines/ min resolution, 
a 35mm enlargement from the 16mm 
film has only 20 lines/mm, which does 
not give good results when projected 
when compared with films taken on an 
intermittent camera. 

The film capacity of the commercially 
available cameras was too small, also. 
Longer runs were desired. 

Realizing the need for a 35mm large 
capacity high-speed camera, the Govern- 
ment of the U.S.S.R. requested the 
Western Electric Company to design 
and build such a camera in 1945. 

In an earlier paper,* certain suggested 
improvements of design were discussed. 
The first of these was prism design, and 
second, the design of the sprocket. 

The full-frame 35mm _ Fastax now 
being introduced has the experience of 
eighteen years of rotating-prism cameras 
behind it. 

The design features and specifications 
of the new camera are as follows: 


Camera Housing: To reduce weight, 
a magnesium-aluminum casting will be 
used. It will be heavy enough to with- 
stant high-blast pressures. Parts will 
be mounted to withstand at least 20 
“ge”? acceleration. The camera housing 
will enclose the drive mechanism and 
lens mount, and will be fitted with stand- 
ard motion-picture threads for mounting 
on standard motion-picture tripods. 


* John H. Waddell, “Design of rotating 
prisms for cameras,” Jour. SMPE, 53: 
496-501, Nov. 1949 (also in High-Speed 
Photography, vol. 2). 
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Sprocket: A sprocket of approximately 
6-in. diameter is employed. ‘The curva- 
ture of this sprocket face very nearly 
matches the change in back focus 
created by the oblique rays as they pass 
through the prism. Since 35mm nega- 
tive and color stock in the United States 
is on slow-burning base, the sprocket is 
designed to take ASA standard nega- 
tive perforations. A 180° wrap is 
used as has been the case on previous 
Fastax cameras. The sprocket is light 
in weight and is black to prevent 
halation and reflections from the inside 
of the sprocket through the viewing 
holes when an intensely bright self- 
incandescent subject is photographed. 


Film Capacity: 500-ft, special daylight- 
loading spools have been designed to 
ensure maximum acceleration and to 
permit better balancing of the shifting 
load. ‘The jump at the beginning and 
the end of the films is minimized. These 
spools are inclosed in detachable maga- 
zines. Each magazine comes supplied 
with a motor for the take-up. The 
film is used on spools so as to keep it 
in place under conditions of vibration 
and when high centrifugal force is 
present. 


Prism and Housing: The prism is made 
from Eastman Kodak 450 glass and is 
four-sided. The housing is very much 
heavier than on any previous Fastax 
cameras. It, too, is designed to provide 
better chopping action of the image. 
The prism housing is supported by an 
outboard bearing to make the pictures 
more steady. The half-frame 35mm- 
Fastax employs the same method, and 
that camera has been noted for its 
steadiness. There is no provision for 
removing the prism for  oscilloscopic 
purposes, for it has been found that, 
with the very tight tolerances of fits 
and adjustment of gears, jumping 
pictures result from removing the prism 
housing. 


‘ 
| 


Fig. 1. Front view of the full-frame Fig. 2. Rear view, showing adjustable 
35mm Fastax Camera. torque feed spindle and motor. 


Fig. 3. Interior of camera. 
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Motors: Universal a-c/d-c type whose 
speed is dependent on supplied voltage. 
For isolated field use, storage or hot-shot 
batteries will operate the camera. 
Standard a-c (50- or 60-cyele) can be 
used in the laboratory. 

Prism Drive: Simple gear train with 
ultra-precision gears. The ratio of the 
driving and pinion gears is one to six. 

Lenses: A 4-in. f/2.3 lens will be 
standard on the camera. As has been 
pointed cut, higher overall resolution 
is obtained with longer focal length 
lenses. The light is traveling in a more 
parallel beam. Other lenses available 
will be: 


l-in. f/2.3* 
35mm f/2.3* 
2-in. f/2.3* 
6-in. f/2. 
10-in. f/4. 
24-in. f/5. 
40-in. f/7 
80-in. f/7 


(* Use only with fiducial marking 


attachment.) 
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Spindle: ‘Torque adjustable so 
that as film speed is altered, best results 
can be obtained through minor adjust- 
ment. 


Timing Light: Double lamps provided. 
One can be used for standard time flash, 
and the other for event flash. NE66 
lamps are used. It has been found that 
135 volts will give better results with 
these lamps. 


Viewsinders: Bright field telescopic and 
tracking finders will be provided. 


Modifications to the camera to fill 
specific user needs will be made on 
request and to specification. 

A camera of this type has long been 
needed in this country. In designing 
this camera a large number of factors 
have been taken into consideration. It 
is rugged and easy to manipulate. Its 
good picture quality fills the needs of 
research and development laboratories, 
the field, and the newcomers to high- 
speed photography, producers of enter- 


tainment and television. 


. 


Primary Color Filters 
With Interference Films 


By H. H. SCHROEDER and A. F. TURNER 


A set of vacuum-deposited thin-film multilayer transmission filters has been 
developed for use as highly efficient primaries in additive color projection. 
Light which is not transmitted is reflected. Consequently the filters can be 
used in high-illumination beams without overheating and changing color. 
Modification of spectrophotometric curves can be effected as desired in spe- 


cific problems. 


THE USE of vacuum-de- 
posited multilayer interference films it is 
now possible from a practical and useful 
standpoint to design and manufacture 


transmission filters capable not only of 


supplanting colored glasses or gelatin in 
many cases, but also of producing color 
to specifications impossible with these 
older types of filters. Particularly the 
filters discussed herein correspond in hue 
to the Wratten three color projection 
primaries (Kodak Wratten Filter No. 
47, blue; No. 59, green; No. 24, red). 
The Wratten filter curves are seen in Fig. 
1 with theoretical curves of the inter- 
ference coatings shown in Figs. 2a and 
2b, illustrating two types of green-trans- 
mitting filters. ‘The new filters are suit- 
able for use as highly efficient primaries 
in additive color projection. 

Presented on October 8, 1953, at the 
Society’s Convention at New York by H. 
H. Schroeder (who read the paper) and A. 
F. Turner, Bausch & Lomb Optical Co., 
Rochester 2, N. Y. 

(This paper was received August 31, 1953.) 
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Generally the filters are composed of 
alternating high- and low-index optical 
films deposited on a suitable substrate 
such as glass. Depending on particular 
requirements these types may have as 
many as 15 alternating layers. ‘Through 
appropriate design and control of the 
relative thicknesses of the individual films 
predetermined optical specifications of 
wavelength and transmission may be 
achieved. 

The materials used are all colorless, 
forming transparent films with practi- 
cally no absorption in the visible and in- 
frared. In the filters themselves re- 
flectance plus transmittance totals 100% 
with the reflected portions being un- 
used in the applications described. 

In order to provide the best description 
of the properties of the filters from an 
engineering viewpoint a set of engineer- 
ing spectrophotometric curves has been 
prepared, Figs. 3, 4,5 and 6. ‘These are 
based on actual experimental curves but 
have been simplified by smoothing so 
that nonessential irregularities are elimi- 
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3 sor Fig. 1. Wratten three- 
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Fig. 2a. Multilayer in- 
terference coatings (theo- 
retical curves ). 
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Fig. 2b. Multilayer 
interference coatings 
(theoretical curves). 
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nated. They will fit an experimental 
filter curve everywhere to within +5%, 
exclusive of the background regions 
where the values shown represent maxi- 
mum transmittances to be expected. 
This type of curve is considered to be 
sufficiently accurate for practical en- 
gineering purposes and has the advan- 
tage of simplicity of representation. 

The blue-transmitting type is char- 
acterized in Fig. 3 by a maximum 
transmittance of 85% in the passband 
and a rejection-band transmittance of 
2.5%. The degree of cutoff sharpness 
is described in terms of percent change in 
wavelength in progressing from the maxi- 
mum transmission value to the first break 
in the curve in the low transmission re- 
gion. Thus the blue has a cutoff factor 
of 6%. <A slow rise in transmittance at 
the red end of the spectrum is attendant. 

Figure 4 gives the characteristics of the 
wide-bandgreen-transmitting filter having 
a maximum transmittance value of 87.5%, 
rejection-region transmittances of 2.0 and 
2.5% respectively for the blue and red, 
and cutoff factors of 4.5 and 5.5%, for 
short and long wavelengths respectively. 

The features of the red-transmitting 
type are illustrated in Fig. 5. The curve 
has 90% transmittance in the window, a 
drop to a value of 1% in the rejection 
part of the spectrum, and a cutoff factor 
of 9%. 
mittance at 420my to a value of 55% 


There is a sharp rise in trans- 


which extends to 400my. 
In Fig. 6 the narrow-band green type 
is described. 


ferent film combination with a window 


This filter involves a dif- 


transmittance comparable to that of the 
wide band but of less width at the top. 
There is a background value of 2% for 


both rejection regions which extends for 
the most part to the limits of the visible 
spectrum. 

The two types of green filters discussed 
are indicative of what one may expect in 
the way of flexibility from multilayer in- 
terference coatings. In the same man- 
ner in which a design change brought 
about a change in width from one green 
filter to the other, one could readily 
change the type of film combination to 
effect more gradual cutting filters for 
the blue and red types. By changing 
thicknesses in the existing types, shifts to 
longer or shorter wavelengths to obtain 
different color characteristics can be 
achieved. The degree of sharpness in 
the cutoffs of the filters shown is obtained 
through the use of a limited number of 
layers, in this case fifteen. Sharper cut- 
ting types involving more films can be 
designed if desired. 

In the chromaticity diagram of Fig. 7 
the multilayer primaries define the color 
triangle shown, with the Wratten filters 
indicated by the triangular points. The 
Wratten filters show a greater saturation 
for the blue and red, while the multilayer 
green-coating saturation is slightly 
greater than that of the Wratten. 

Also indicated in Fig. 7 is a definitive 
point for the narrow-band green which 
has a brightness slightly higher than the 
Wratten green with considerably more 
saturation. 

In all cases the brightness values of the 
multilayer filters are above those of the 
Wratten filters, being approximately 
60% greater for the blue, 719% more in 
the case of the green, and 6% more for 
the red. Colorimetric data comparing 
the two types of filters are shown in 


Table I. 


Table I. Colorimetric Data——Multilayer Interference Coating vs. Wratten Filter 


Dominant \-my 
Blue Green’ Red 


542 614 
539 611 


Multilayer 446 
Wratten filter 463 


630 


Purity (%) 
Blue 
89.7 
97.0 


Brightness (%) 
Blue Green Red 


Green Red 
65.6 


1 
63.5 5 


88.0 4 
100.0 2 
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Fig. 3. Blue trans- 
mitting filter (engineering 
curve). 
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Fig. 4. Green trans- 
mitting filter (engineer- 
ing curve). 
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Fig. 6. Green transmit- 
ting filter (engineering 
curve). 
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Fig. 7. Chromaticity diagram: © = multilayer interference coatings 
& = Wratten filters | = narrow-band green filter. 
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One of the most important features of 
the vacuum-deposited multilayer inter- 
ference coatings is their stability with 
respect to color shift upon aging, or ex- 
posure to elevated temperatures, whereas 
glass or gelatin filters are prone to fade 
or shift hue. This feature has proven 
itself under actual operating conditions 
in high-intensity projection equipment. 

The coatings can be readily cleaned of 
smudges and fingerprints with a clean 
soft cloth or washed in a detergent 
solution followed by rinsing and drying 
with a clean soft cloth. Should abrasive 
particles be present scratches may occur 
in the film, but no general breaking down 
of the coating which would affect the 
function of the filter will occur. Gener- 
ally, one should treat the filters as one 
would care for a good optical surface. 

In conclusion it can be said that by 
means of multilayer interference coat- 
ings primary color filters suitable for 
additive color projection and having 
particular advantages over glass and 
gelatin have been developed. The filters 


offer satisfactory saturation, afford high 
brightness values, and are colorimetri- 


cally stable with temperature. 


The authors are grateful to R. Kraft 
for technical assistance in the prepara- 
tion of the filters, and to L. I. Epstein 
for theoretical contributions. 


Discussion 


John G. Stott (Du-Art Film Laboratories, 
Inc.): Why were not actual spectrophoto- 
metric curves of the filters shown rather 
than theoretical engineering curves? 

Mr. Schroeder: 1: seemed that from the 
standpoint of practicability it might be 
more useful to show these engineering 
curves. They were taken directly from 
the experimental curves, with minor 
deviations eliminated. You could expect 
within 5% to duplicate these engineering 
curves. We could have shown the actual 
curves just as well, but the engineering 
curves seem more useful because in many 
cases you see these requirements defined 
in straight-line values rather in 
curves. 


Schroeder and Turner: Primary Color Filters 
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A 35mm Stereo Cine Camera 


By ©. E. BEACHELL. 


This paper deals with the design and construction of a 35mm stereo cine 
camera outlining the optimum facilities required, the problems encountered 
in design of the camera and how they were solved, and the technique used 
in shooting stereo motion pictures with this camera. 


A STEREO CINE CAMERA should have 
the following features: 


1. Cameras should be rigidly mounted 
on the bedplate so as to withstand normal 
shocks encountered in use and _ transit 
without going out of calibration or 
synchronization. 

2. Interaxial control must be possible 
from a minimum of approximately the 
physical width of the film (1.5 in.) to 
at least 12 in. 

3. Convergence control which 
be calibrated in the same manner as the 
focus of a lens, i.e. in feet in front of the 
camera, should be included. This 
calibration must remain — accurate 
throughout the range of interaxial dis- 
tance and preferably remain fixed as 
the interaxial distance is changed. 

4. A. binocular (stereo) viewfinder 
should be prqyvided as well as the con- 
ventional flat viewfinder. 

5. Shutters should be exactly syn- 
chronized with each other. 

6. Camera should be removable from 


Presented on October 8, 1953, at the 
Society’s Convention at New York by 
C. E. Beachell, National Film Board of 
Canada, 35 John St., Ottawa, Ont., 
Canada. 

(This paper was received Sept. 24, 1953.) 
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the carriages without loss of synchroniza- 
tion when replaced. 

7. Motors should be 
synchronous operation, battery operation 
with variable indicated frame rate and 
stop frame for animation work. 

8. Camera must accommodate 
400- and 1000-ft magazines. 

9. Weight of the camera should be 
kept to a minimum for ease of handling. 


provided — for 


both 


After considering various methods of 
obtaining small interaxial distance it 
was decided that mirrors or prisms in 
the optical path should not be used 
because : 

1. They limit the use of wide-angle 
lenses. 

2. There is loss of light in transmission 
thus effectively reducing lens speed. 

3. A single mirror or prism produces 
a reverted negative image. 

4. The use of 50% 
mirrors required some color correction 
which means that light reaching the 
film is effectively less than 50° of the 
scene brightness. 


transmission 


It was decided to design this stereo 
camera using direct objective systems 
and separate negatives for left and 
right images. The minimum interaxial 
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Fig. 1. 


distance obtainable was just under 
2 in. due to the width of the films and 
the thickness of the camera doors. 
Conveniently this distance is approxi- 
mately the diameter of most standard 
lenses which would be used on_ the 
camera. 

In this camera the bedplate (Fig. 1) is 
cast duraluminum #? in, thick X 24 in. 
long X 7} in. Three steel rails 
} in. thick are inserted into the bedplate 
to a depth of } in. The front rail is 
V'd on top and controls the movement 
of the camera carriages so chat they 
remain parallel to each other. The 
center rail is for strengthening of the 
bed; and the rear rail, which is flat on 
top, supports the weight of the back of 
the camera carriages. Keyways are 


wide, 
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Above, bedplate; below, bedplate and carriages. 


cut into the sides of the front and back 
rails and steel clips which are bolted to 
the rails of the carriage are hooked into 
the keyways. This arrangement pre- 
vents any lifting of the camera carriages 
from the rails which control their 
position. 

On each carriage the camera mounting 
plate is pivoted at a point immediately 
under the center of the film plane and 
rotates about this point to control con- 
vergence (Fig. 2). The cameras are 
mounted and doweled on these rotor 
plates. 


Interaxial Control 


Interaxial control is achieved by 
means of a shaft having a right- and a 
lefthand thread cut in a portion of each 


635 


F : 
‘ 


Underside of carriages, showing interaxial control, main driveshaft, gear- 
boxes and pivoted mounting plates. 


Fig. 3. Convergence control mechanism. 


end of the shaft. A split nut is bolted 
to each carriage and engaged with the 
right and left threads in the lead screw 
respectively. ‘Thus, when the lead screw 
is turned in one direction, both carriages 
are moved away from the center of the 
bedplate. 
the lead screw, they are drawn together 
at the center. Mounted on the bedplate 
is a calibrated scale on which the move- 
The pointer 


ment of § in. equals 1 in. 
is mounted on the back of the right- 


hand carriage. The range of inter- 
axial distance is 1.95 in. to 13 in. The 
wider interaxial distances are used for 
longer lenses and for long shots with 
shorter lenses provided there is no re- 
solvable information in the foreground. 
For example, it was found that if you 
shoot a subject, say, 15 ft distant from 
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By reversing the rotation of 


Note angled control rail. 


the camera and converge on the subject 
with a 2-in. and an_ interaxial 
distance of 2} in., then the same per- 
ception of thickness of the subject can 
be achieved at a distance of 30 ft using 
an interaxial distance of 5 in. and a 
4-in. lens. ‘Therefore, as the lens focal 
length is doubled, the interaxial distance 
must be doubled to maintain the same 
perception of depth or thickness. 


lens 


Convergence Control 


Convergence is controiled by two rails 
which are mounted immediately in 
front of the V rail (Fig. 3). These 
rails each pivot at a point 5 in. to the 
right and left respectively of the center 
line of the camera bed. ‘The free ends 
of these rails are moved forward for 
convergence and backward for diver- 


November 1953 Journal of the SMPTE Vol. 61 


‘ : | = 
(3 
a 
$ % 
* 
1 
” 


gence through a gearing system and two 
lead screws so arranged that one rotation 
of the control handle moves the end of 
the rail 0.025 in. while the convergence 
indicator moves 0.1 in. 

A point on the rotor plate 5 in. to 
the right of the center of the film plane 
of the right camera and to the left of 
the left camera center is engaged with 
a slot in its respective control rail. 
These points are the control points of 
the rotor plates. Thus, in this ar- 
rangement the pivot points of the rotor 
move along a line 90° to the center 
line of the camera bed. The control 
points of the rotor plates follow a line 
along the control rail, thus mainiaining 
constant convergence distance in front 
of the camera with negligible error 
throughout the full range of interaxial 
distance when the angle of the control 
rail is kept constant. This is proven by 
the equation: 


Max D, in. — Min D, in. =cot 8 — 
6.5 cot @ (see Appendix 1) 


where 8 is minimum convergence angle 
and @ is maximum convergence angle, 
with the control rail angle constant and 
minimum and maximum interaxial dis- 
tances in inches. A general formula for 
convergence angle at any interaxial 
distance and any angle of the control 
rail is given in the equation: 


0 
+ sin ) sin 


(see Appendix 1) 


when @ is the angle of convergence; 
a is the angle of control rail; and 
/,is the interaxial distance in 
inches 


The maximum convergence distance 
error encountered throughout the com- 
plete range of convergence and _ inter- 
axial distance was found to be 1.3 in, 
at 3} ft which is actually less than the 
error involved in reading the calibration 
and therefore negligible. ‘The maximum 
error at 5 ft is 0.14 in. This figure 
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reduces as convergence distance ap- 
proaches infinity where the error is 0. 
This mechanism on the camera re- 
moves the necessity of making com- 
plicated calculations for convergence 
angle when shooting stereo cine pictures, 
thus saving a lot of time and reducing the 
probability of bad takes due to errors 
in calculations. Calculation for nearness 
and thickness factors can be made 
readily with the use of the Motion 
Picture Research Council 3D calculator. 
In this camera, the silent aperture is 
used. Shots can be composed so that 
the essential picture material lies in an 
area suitable for 1.85:1 aspect ratio. 
Development work is proceeding on 
a binocular viewfinder which will be 
mounted so that its cbjvctive systems 
follow faithfully all changes of the inter- 
axial and/or convergence settings of the 
camera. The ocular systems provide an 
upright stereo picture with the same 
viewing angle as that of viewing a 
20-ft screen from a distance of 60 ft. 
With this device, results of calculations 
may be readily verified with regard to 
distortions and painful background di- 
vergences. As soon as the construction 
of the viewfinder is completed and tested 
a companion paper will be submitted. 


Optics 


This camera is so designed that the 
optics are direct, thus permitting the use 
of conventional matched pairs of lenses 
from extremely short focal length, e.g. 
20 mm, to telephoto. The only limiting 
factor in the short focal length lenses 
is that they must not have a physical 
radius greater than one-half the mini- 
mum interaxial distance at which they 
are to be used. ‘The use of rrirrors and 
prisms was avoided in design for the 
reasons mentioned previously. 


The Driving Mechanism 


The driving mechanism consists of 
a long shaft which runs the length of the 
camera bed and which has a keyway 
cut in the portion at each end over 
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Fig. 4. Drive mechanism: 


which the camera carriages move. 
This keyway drives a set of gears which 
have a 1:1 ratio and changes the 
direction of the shaft 90°; helical gears 
are used to avoid noise. ‘The camera 
is driven through two universal joints 
and a telescoping shaft to a 90° 1:1 


Fig. 5. Left camera lifted from rotor plate. 
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telescoping shaft, gearbox and tachometer. 


gearbox mounted on its side (Fig. 4). 
The universal joints telescoping 
shaft accommodate the movement of the 
camera for The shaft 
from the camera gearbox then drives 
the camera in the conventional manner. 

As this camera was an experimental 
project it was decided to use a pair of 
Bell & Howell Eyemo movements, 
rather than spend a large amount of 
money registration 
These were modified and one of them 
now is mounted upside down and runs 
backwards. It is planned 
production demand 
install registration movements this 
camera in the future, but for the present 
the Eyemo movements are satisfactory 
although somewhat date 
no attempt has been made to blimp 
this camera as it basically an 
experiment in stereoscopy. 

With this type of drive it is impossible 
for the shutters to get out of synchronism 
(Fig. 5). When the 
moved from the rotor plate for any 
tele- 


convergence, 


movements. 


if stereo 
warrants it to 


noisy. To 


Was 


Cameras are re- 


reason, the drive breaks at the 


November 1953 Journal of the SMPTE Vol, 61 


. 
| - 


Fig. 6. General view of camera. 


scoping shaft and can be reassembled 
only with shutters interlocked. 

Takeup is driven by independently 
controlled motors. 

Footage is indicated by a counter 
driven by a gearing arrangement on 
the end of the main driveshaft. 

All controls and indicators in connec- 
tion with the camera are on the right 
rear corner of the bed conveniently 
located for the camera assistant. 

This prototype model camera is not 
equipped with a follow focus control, but, 
if stereo production warrants, this 
feature can be included without too 
much difficulty. 

The motor mounting is a standard 
Bell & Howell (Fig. 6). Variable-speed 
battery motors or 3-phase synchronous 
motors can be readily used. Motor 
speed for 24 frames/sec is 1440 rpm. 


Beachell: Stereo Cine Camera 


The motor is linked to the main drive- 
shaft by a silent chain with 2:1 reduction 
sprockets so that the main drive rotates 
at 720 rpm. ‘This slower speed was 
used to reduce noise. For animation 
work an Acme Stop Frame Motor is 
readily adaptable. 

The camera will accommodate either 
400- or 1000-ft Bell & Howell magazines. 
The weight of the complete camera, 
less magazines, is 865 Ib. 


Conclusion 


In stereo shooting it has been our 
experience that convergence should 
never be changed during a shot. When 
convergence follows a moving figure, it 
produces the very unlikely and some- 
what disturbing effect of the set moving 
in and out of the theater while the 
actor remains on the screen, The same 
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effect is apparent although to a lesser 
degree when interaxial distance is 
changed and convergence remains con- 
stant. We have found that the only 
time either control should be moved 
during a shot is when the camera is 
either being panned or tilted. This 
movement covers the disturbing effect 
of other changes. 

In this camera the following design 
features have been achieved: 

1. Rigid mounting with complete 
flexibility for changes of interaxial dis- 
tance and convergence. 

2. Objective systems are direct, per- 
mitting the use of very wide angle lenses 
with full light transmission. 

3. Calibrated interaxial control from 
1.95 in. to 13 in. \ 

4. Convergence control accurately 
calibrated in feet in front of the camera 
ranging from 3.5 ft to infinity. Cali- 
bration remains accurate throughout full 
range of interaxial distances. 

5. Exact mechanical synchronization 
of shutters. 


G 
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Figure 7. 


Figure 7 is a geometric illustration of 
the right camera. 
AY is the c/L of the stereo camera bed. 
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APPENDIX 


6. Cameras may be dismounted for 
routine maintenance, transportation, 
etc., and remounted without loss of 
synchronization. 

7. Motors are provided for battery, 
synchronous and stop-frame operation. 

8. 400- or 1000-ft magazines may be 
used on the camera. 


Regardless of the future of stereo 
cine pictures in the entertainment 
field, there is a tremendous future for 
the medium in the instructional film 
field. This field of film making is our 
primary interest at the National Film 


Board of Canada. 
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AX is a line in the film plane and | to the 
bed rails. 

DJ is a line along the right control rail. 

BDand EF are the positions of a line 
between the pivot point and the con- 
trol point of the right camera pivot 
plate at min. and max. interaxial 
distance. 

JK is varied to control angle a. 

AD = BC = EF = 5 in. by construction. 

AB = 1 in. 


AE = 6.5 in. 
DK = 6.5 in. 
DE = 1.5 in. se os 
Ic is interaxial distance. 
DE =“ — aD 
2 
‘To find 26: 


In the triangle DFE 


DE 


EF 
sin 


sin @ 
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DE sine 
sin p 


In the A AGB 
EF 


AG 
DE si cot 2; = 4B 
y = 180 — [ + sin 
an 
But y = 180 
[ 


EF 


= AB cot Bp, 


cot Al 
But DE = 


AEF 
AH = AE cot6, 
Subtracting (11) from (1) 


Sand Ek 


AG 
sin 
5 


AH = AB cot p, 


By construction: 
0 
+ sin {(’ ) sin a| 
10 


AB = 


cot 


= Min. J, 


AE = 6.5 in. 1/4 Max. J, 
When Za remains constant and changes 


Max. D, 
from AB to AF, 


~ Min. D, = cot B 


To find JK for any 
AG = Max. D, 


AH = Min. D, 
De 


6.5 cot 
Za from 0° to 7 


°, 


In the A JDK 

= Distance to convergence in inches. Tana = DK 
It can be shown that: IK 
But DA = 6.5 


DK tan a 
in. 
= 6.5 Tana 
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By JOHN A. RODGERS 


Projector for 16mm Optical 
and Magnetic Sound 


In addition to reproducing sound from conventional optical tracks, this pro- 
jector is capable of recording and playing back magnetic oxide tracks applied 


to either single- or double-perforated 16mm films. The important aspects 
of the mechanical and electrical design are described, showing their relation 


S, CCESSFUL DESIGN requires a knowl- 
edge of the intended use of the product, 
the necessary performance characteris- 
tics and the special conditions of opera- 
tion. ‘This information must be sought 
out and carefully considered if the de- 
sign is to prove satisfactory. Since mag- 
netic sound is new to 16mm film pro- 
jectors, the requirements are less easily 
determined and to some extent must be 
anticipated for the various users by the 
designers. 
General Description 

A projector of this type must satisfy 
the requirements of the conventional 
optical sound machine and in addition 
provide the means for recording and re- 
producing sound magnetically, pref- 
erably on all types of 16mm film. — It is 
also essential that all operations be 
simple and as nearly foolproof as possible. 

The compactness of the complete pro- 
jector, which measures 16} by 10} 


Presented on October 7, 1952, at the 
Society’s Convention at Washington, D.C., 
by John A. Rodgers, Eastman Kodak 
Company, Camera Works, 333 State St., 
Rochester 4, N.Y. 

(This paper was received Sept. 15, 1953.) 


to the performance of the projector. 


by 125 in. and weighs 42 Ib, makes it 
readily portable and its power output 
of 7 w is sufficient for most audiences. 
It is installed in a durable fabric-covered 
case, which has a removable side that 
serves as a baffle for the loudspeaker. 
This construction is shown in Fig. 1. 
Operation 

The controls on the amplifier panel] 
shown in Fig. 2 have been reduced to a 
minimum and grouped for ease of use. 
Figure 3 shows the knob controlling the 
positions of the record and erase heads 
for the three conditions of operation. In 
the “Optical”’ position both heads are 
away from the sound track. In_ the 
“Magnetic Play” position the record head 
is in contact with the track, while the 
erase remains away. Both heads are 
in contact in the ‘‘Magnetic Record” 
position. ‘The metal flag attached to the 
control shaft prevents the operator from 
threading the film around the sound 
drum until he has moved the record and 
erase heads out of the way by turning to 
“Optical.” 

Optical sound film may be reproduced 
by setting the head control and the am- 
plifier selector switch to “Optical” and 
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Complete projector showing speaker and microphone. 


Fig. 1. 


operating the volume and tone controls 
in the usual manner. If the head con- 
trol were inadvertently turned to one of 


the other positions, where scratching of 


the sound track could occur. no sound 


would be reproduced, since the switch 
on the rear of the control would dis- 


connect the exciter lamp. 
The projector amplitier may be used 


as a public address system when the 


microphone is attached and the selector 
switch turned to “Optical.” In a simi- 


lar manner a record player connected at 
the “Phono Input” makes use of the pro- 
jector sound system. 

Magnetic sound tracks may be repro- 
duced when the head control and selec- 
tor switch are turned to “‘Magnetic Play- 
back.” Recording is accomplished in 
several ways depending upon the re- 
sults desired and the extensiveness of 


LAL 


auxiliary equipment available. For 


voice recording the microphone is at- 
tached and the head control and selector 
switch set to “Magnetic Record.” The 
volume control is adjusted so that the 
neon indicator flashes on peaks of the 
voice signal and under these conditions Fig. 2. Amplifier control panel. 
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Fig. 3. Sound head showing control switch. 


all previously recorded sound is erased 
from the track. 

If it becomes necessary to alter a sec- 
tion of the recording, the projector can 
be reversed by means of the knob shown 
in Fig. 2 and the film run back to a point 
somewhat beyond the part to be changed, 
with the selector switch in the “Magnetic 
Playback” position. The machine is 
then run forward and when the section 
to be changed arrives, it is only necessary 
to return the selector switch to “Record” 
and proceed with the revised recording. 
Because the erase head is located im- 
mediately ahead of the record head, 
erasure is restricted to the section of 
track that is to be re-recorded. 

Music may be recorded with the micro- 
phone placed in front of the source or it 
may be applied electrically by the at- 
tachment of a record player or tape re- 
corder at the “Phono Input” socket. 
The signal level may then be adjusted 
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by means of the “Phono” control as 
shown in Fig. 2. Since this control is 
independent of the master volume con- 
trol, by which the microphone input 
level is adjusted, it is possible to mix voice 
and music as desired. 

During recording the loudspeaker can 
be used for monitoring, since the re- 
corded signal is audible but at a level 
sufficiently reduced to avoid coupling 
with the microphone. Headphones 
plugged into the speaker socket provide a 
more satisfactory method of monitoring 
where two or more people are engaged in 
making a recording involving the mixing 
of voices and music. 


Partial Erase 


An alternative method of recording 
divides the operation into two steps and 
is usually considered more convenient. 
In this the music and sound effects are 
first recorded at full level and the voice 
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commentary added during a second re- 
cording with the head control in the 
“Magnetic Playback’? position. Since 
the erase head is not in contact with the 
track during the voice recording, the 
previously recorded music is not erased. 
However, it is reduced automatically to 
the proper level for background music. 


Safety Devices 

Wherever possible safety devices are 
incorporated so that the operator will 
not inadvertently damage a_ recorded 
track, but these have been designed in 
such a way that they do not unduly com- 
plicate the operation of the projector. 
The amplifier selector switch cannot be 
turned into the “‘Record” position unless 
the knob is partially withdrawn. This is 
accomplished simply by the addition of 
a pin at the back of the knob that inter- 
feres with a stud on the panel behind it. 
During recording operations this knob 
may be interchanged with one of the 
others for convenience. 

When the selector switch and head 
control are at “‘Magnetic Record,” the 
red warning light on the amplifier panel 
is on, indicating that magnetic tracks will 
be erased. The light gives additional 
assurance that the conditions for record- 
ing are correct. If the head control is 
then moved to ‘‘Magnetic Play,’ the 
warning light will be on but at a lower 
intensity to show that a track can be 
partially erased. 

The record and erase heads are pro- 
tected during threading by the metal flag 
on the head-control shaft which prevents 
insertion of the film until the heads are 
moved away. As nas also been men- 
tioned previously the exciter lamp for 
optical sound reproduction remains off 
until the heads are removed from the film. 
Therefore scratching of optical sound 
track is virtually impossible. 

To reverse the projector the reversing 
switch, which is equipped with a return 
spring, is operated and the motor started. 
The reversing switch can then be al- 
lowed to return to the forward position 
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and the motor will continue to run back- 
ward until shut off because the switch 
operates only on the starting winding of 
the split-phase motor. This feature 
saves time and prevents mistakes by 
making it unnecessary for the operator 
to remember the reversing switch when 
forward motion is again required. 


Amplifier Circuits 

A miniature pentode (Fig. 4) provides 
high voltage gain for the first stage and 
the input is connected to the phototube, 
the magnetic-head transformer, and the 
microphone in the order of positions of 
the selector switch. Its output is ap- 
plied to the volume control where the 
signal is then mixed with the signal com- 
ing from the phono-level control and ap- 
plied to the second and third stages, a 
high-gain miniature dual triode. Nexta 
low-gain miniature triode is used in a 
phase-splitter circuit to drive the push- 
pull output pentodes. Inverse  feed- 
back stabilizes the output stage and re- 
duces the amplifier internal impedance. 
The tone control reduces the low fre- 
quencies when operated in a counter- 
clockwise direction from “Normal” and 
attenuates the high frequencies in the 
clockwise position. This circuit is dis- 
connected during recording. 

The oscillator supplies current to the 
exciter lamp for optical sound repro- 
duction and to the erase head and bias 
winding for magnetic recording. It is 
of the Hartley type using a miniature 
triode and a powdered iron core coil 
tuned to about 40 kc. When the selec- 
tor switch is turned from “‘Record” to 
“Magnetic Playback,” the plate supply 
for the oscillator is disconnected and this 
part of the switching takes place a short 
interval ahead of the other circuit switch- 
ing. A condenser connected between the 
oscillator plate and ground stores enough 
energy to cause the high-frequency cur- 
rent to decay over several cycles when 
the plate supply is switched off. This 
not only eliminates switching clicks in the 
recording but avoids possible magnetiza- 
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tion of the heads by preventing a dis- 
continuity in the waveform of the bias 
current. 


Magnetic Heads 


The erase and record heads, shown in 
Fig. 5, are similarly constructed of pairs 
of 0.015-in. thick mu-metal U-shaped 
sections soldered at the front and back 
gaps. The front gaps are provided with 
copper spacers. The erase head has a 
0.005-in. spacer and is 0.125-in. wide to 
overlap the 0.100-in. track. Since it 
requires only 20 coil turns, it has been 
found feasible to wind it after assembly. 

The record-head sections are wound 
with 100 turns each on a special machine 
and then positioned in a fixture and sol- 
dered together. The spacer in the front 
gap is 0.0004-in. thick and the head is 
0.090-in. wide. The front faces of both 
heads are ground and polished flat and 
the bias turns added to the record head 
prior to its installation and potting in its 
metal shield. 

Head Mounting 

Both the record and erase heads are 

mounted on pivoted arms (Fig. 6) 


actuated by a cam on the control shaft 
and pulled into position by coil springs. 
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The rear of the shaft is equipped with 
positioning detents and a_ switch for 
controlling the warning light and the 
exciter lamp. 

Adjustment of the erase head is ob- 
tained by provision for sliding its sup- 
port arm in the sleeve on the pivoted 
arm and by rotating it. A set-screw at 
location “‘A”’ in the sleeve is then tight- 
ened to lock it in place. The actual 
screw does not appear in the figure. 

The azimuth alignment of the record 
head is accomplished by loosening screws 
““B,”? which hold the shield in which the 
head is potted, and rotating the head to 
obtain a maximum signal output from a 
special 8000-cycle azimuth adjustment 
track. 

Screw “C” forces a nylon pin against 
the record-head mounting rod and, when 
this is released slightly, two other adjust- 
ments can be made. Operation of screw 
“DP” against the arm in the rod rotates 
the head so that it may be positioned cor- 
rectly for contact across the entire width 
of tne track. The screwdriver adjust- 
ment at “E” actuates an eccentric pin 
engaging a slot in the support rod to 
move it up and down. This permits the 
head gap to be placed in contact with the 
magnetic track. 
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Fig. 6. 


The head mounting arms are pivoted 
on a Shaft threaded at the outer end for 
adjusting nut “EF” and held away from 
the mounting plate by a coil spring. 
This nut may be turned to center the 
heads on the track. 


Sound Stabilization 


Frequency variations in the form of 


wow or flutter are less than 0.4% by 
reason of the large flywheel and the 
damping roller between the 
sound drum and sound sprocket. Varia- 
tions in the amplitude of the sound on 
“Magnetic” are caused by improper con- 
tact between the head gap and the track. 
These are of the order of 0.2 db at 1000 
cycles and vary with the quality of the 


located 
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Sound head with cover removed. 


track itself. 
variations are considerably greater. It 


At higher frequencies these 


has been found that a pressure of about 1 
oz is sufficient for good contact between 
the head and the track and that greater 
pressure produces no improvement in 
the amplitude variations but hastens 
the wear of the head. 


Double-Perforated Film 


There is an obvicus need for sound 
recording on the double-perforated silent 
type of 16mm film in that it immediately 
opens the door to both the amateur and 
professional who already have film rec- 
ords of this type. ‘This precludes the 
necessity for expensive duplicating on 
single-perforated sound type of film and 
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also allows the use of any 16mm motion- 
picture camera. Furthermore, the pro 
jector can be operated at silent speed to 
suit the action in the picture and the 
sound will be satisfactory, although there 
will be some sacrifice in the high-fre- 
quency response, as can be seen in 
Fig. 7. 

Optical sound-track scanning requires 
that the film project beyond the rear of 
the sound drum and it has been found 
necessary to support the film at this edge 
for satisfactory operation when double- 
perforated film with its 0.030-in. wide 
magnetic track is used. Therefore, a 
film support shoe, shown in Fig. 6, has 
been added. This shoe is in contact with 
the film at the rear edge when the record 
head is on the track and is effective in 
minimizing the sprocket-hole modula- 
tion that would otherwise result in un- 
satisfactory sound quality. 

This provision for the operation of the 
projector with double-perforated film 
also assures improved results with dis- 
torted film and uneven magnetic tracks, 
where the amplitude variations would 
otherwise be too great for satisfactory 
sound. 
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Because of its intermittent character, 
speech may be recorded and_ played 
back on the double-perforated type of 
film with tolerable results even when no 
special effort has been made for reducing 
the sprocket-hole modulation. How- 
ever, this is not the case with music, 
where even small disturbances in the uni- 
formity of the sound render the quality 
noticeably unsatisfactory. 


System Noise 

The amplifier sensitivity is sufficient to 
afford a reserve gain of about 20 db 
when playing back a 0.100-in. wide mag- 
netic-track recorder fully. This is con- 
sidered necessary when it is realized that 
the 0.030-in. track supplies about 12 db 
less playback level. There are also varia- 
tions in output from tracks applied by dif- 
ferent manufacturers. 

With such high sensitivity in the ampli- 
fier the problem of keeping the noise 
down to a tolerable level becomes diffi- 
cult and extreme care must be observe 
to prevent the stray fields from the motor 
and power transformer from coupling 
with the amplifier circuits, input trans- 
former, head and cables. 
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The record head is enclosed in a shield 
and the lead wires from it are tightly 
twisted. Additional shielding is used on 
the input transformer and this is mounted 
in back of the sound head and separated 
from the amplifier by properly placed 
shields. A signal-to-noise ratio of over 
40 db is obtained, comparing a fully 
recorded to an erased track. 


Frequency Response 


The overall frequency-response curves 


are shown in Fig. 7, These were ob- 
tained by recording from an audio os- 
cillater with a constant-voltage input at 
the microphone socket and measuring 
the output on playback across a dummy 
load resistor connected at the speaker 
socket. 

The overall characteristics of the mag- 
netic sound shown in Fig. 7 are deter- 
mined by the frequency response of the 
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’ The result is less hiss and hum 


Record-head frequency characteristic. 


amplifier for both recording and playing 
back. ‘The results of tests indicate the 
desirability of recording with 
constant current in the recording head 
over the frequency range. The 
metal recording head exhibits losses at 
the high frequencies, however, that re- 
quire compensation in the amplifier. 
In Fig. 8 will be seen a curve of the volt- 
age across the head throughout the fre- 
quency range when it is supplied con- 


nearly 


mu- 


stant current by means of a series resistor. 
The departure from a straight line indi- 
cates these losses and they are compensa- 
ted for by raising the amplifier gain the 
appropriate amount in this region. —Ac- 
tually it has been found desirable to pro- 
vide a small additional rise at both the 
high and low frequencies, as this reduces 
the compensation necessary on playback. 
If these 
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rises are too great, however, there will 
be a tendency to over-record, with result- 
ing distortion on playback. The de- 
parture from the straight line at the low- 
frequency end of the curve is caused by 
resistance in the head winding, which re- 
mains nearly constant while the reac- 
tance decreases as the frequency is re- 
duced. The response of the amplifier 
on playback relative to 1000 cycles 
shows a rise of 15 db at 100 cycles and 
a drop of 1 db at 7000 cycles. 

One of the important problems con- 
cerning magnetic recording is the selec- 
tion of the electrical frequency-response 
characteristics for both recording and 
playing back. Since the two comple- 
ment each other to produce an overall 
frequency response, an infinite number of 
combinations exist and standardization 
becomes necessary if films recorded on 
one projector are to be satisfactorily re- 
produced on a machine of different 
manufacture. This is a problem that 
has already caused concern to the manu- 
facturers of tape-recording equipment 
where wide variations exist in these 
characteristics. 


The work now being done by the Mag- 
netic Recording Subcommittee is there- 
fore important and will ultimately pro- 
vide a satisfactory solution to this prob- 
lem of standardization. 
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Discussion 


J. G. Frayne (Westrex Corp.): I notice 
that the author uses the term ‘“‘optical”’ 
throughout the paper to designate the 
photographic track. There has been a 
concerted effort in the 35mm field to use 
the term ‘photographic’? rather than 
optical and it is therefore a matter of 
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regret that in the 16mm _ projector field 
the term optical seems to be widely 
adopted. 

Gordon A. Chambers, Chairman of the 
Session (Eastman Kodak Co.): It certainly 
shows that the work of one of the sub- 
committees of the Society on a glossary 
of terms is long overdue. 

E. W. D’Arcy (De Vry Corp.): I would 
like to inquire whether you would state 
what the post-equalization is in your 
particular projector. 

Mr. Rodgers: 1 did not show any curves 
for that. That is one of our biggest 
problems. On this particular projector, 
the playback electrical characteristic in 
the amplifier is such that relative to 1000 
eycles 100 cycles is raised about 15 db 
and the 7000-cycle point is down about 
1 db. 

W. EF. Youngs (International Motion Picture 
Service, U.S. Dept. of State): What pro- 
vision do you have for a music and sound 
effects track when an optical track and a 
magnetic track are being played at the 
same time? 

Mr. Rodgers: ‘Vhat cannot be done on 
this machine because the input is switched 
either to the photographic sound record, o1 
to the magnetic. It might be possible to 
combine the two and I can see where on 
foreign language prints the sound effects 
and music could be put on the photographic 
sound record and then the voice recorded 
on the magnetic. This would make it 
possible to change the language without 
altering the sound effects. Does that 
answer your question? 

Mr. Youngs: Yes, it does. Now, another 
thing, in a previous paper I think the Film 
Board of Canada was talking about two 
languages recorded on two tracks placed 
side by side on a variable-area or similar 
system. Have you 
separation system on that, for cutting 


worked out any 
down, say, half the area? 

Mr. Rodgers: That can be done, but 
then it would be necessary to mask off a 
section of the optical system so’ as to 
reproduce only one at a time. That can 
be done quite easily. 


16mm Projector 
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German Test Film 


- DD. K. G. Test Film No. 4a, 
German Motion- 
Mu- 


nich, is intended as a means for making 


produced bs the 
Picture Engineering Society in 
routine listening and viewing tests in the 
theater and for checking projector per- 
additional 


formance, No equipment, 


other than a stopwatch, is required. 


Contents 
The film consists of a number of tests 
whose nature is indicated by subtitles as 


follows: 
Clock Ticks. 
be set so that the ticking is just audible 


Phe volume control should 


and not changed again for the duration 
of the test. 
Projection Rate. 
running for one minute. 
should be checked 
stopwatch and the result compared with 
Table |. Variations from the normal 
indicate that adjustments to the 
film-drive mechanism are necessary. 
Picture Placement. 
five concentric lines placed parallel to 


A stopwatch is shown 
Running time 


against another 


mas 
This test consists of 


the edges of the picture, at intervals equal 
to 1°) of standard picture size (Fig. 1). 
Disc repam ies up to 5% of standard 
picture size can thus be detected. In 
the center of the vertical and horizontal 
wedges which will 


lines are stepped 


indicate jump and weave in percent. 


D. kh. G.-Prifflm Nr. da produced by 
Deutsche Kinotechnische Gesellschaft 
Miinchen 2, Thorwaldsenstrasse 9/11, 
Germany. 


Test for Travel Ghost. Heavy horizon- 
tal lines with crossbars and lettering in 
the center of the frame permit observa- 
tion to determine whether the shutter is 
correctly adjusted (Fig. 2). Should the 
shutter be in need of adjustment the 
lines will appear to be distorted vertically 
and blurred. 


Table I. 


Normal ‘Time shown 
time on film 
in sec in sec 


Frames/se¢ 
60 50 % fast 
60 52 7 ae 
60 54 
60 56 
60 58 
60 60 normal 
60 slow 

60 

60 

60 

60 


Resolution. A concentric grid fills the 
entire picture, with numbered axes and 
diagnals, a central star and four sur- 
rounding stars (Fig. 3). The surround- 
ing stars should be in almost as sharp 
focus as the central star. 

Typical Scene. This picture is intended 
to serve as a general test for screen bright- 
ness and quality of reproduction. 

During the projection rate test, follow- 
ing some recorded speech, three piano 
chords are struck as a test of flutter. 
Both speech and music should be clear 
and free from distortion. 
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BILDSTAND 
Alle Bildverluste durch Projektorfenster, 
Bildwandrahmen und schlechten Bildstand 
des Projektors werden senkrecht und 
waagerecht In Prozenten sichtbar. 


Die Konturen am oberen und unteren 


Idrand 


mdssen scharf und Kiar sein. 


Figure 2 


German Test Films 


‘a 

3 
Figure 1 
ik 
4 
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Two Revised American Standards 


PH22.43, —.44—16 mm Sound Test Films 


Revisions of two American Standards on 16mm sound test films have been approved 
by the American Standards Association and are published on the following pages. 

In accord with the periodic review procedures of the ASA, these two standards 
were reviewed by the SMPTE Sound Committee in March 1951. No fundamental 
changes were proposed. There is a minor revision of the section “Resistance to 
Shrinkage.”” This revision generalizes the method of measuring shrinkage whereas 
a particular (and now outmoded) method of the National Bureau of Standards was 
specified previously. In addition, the titles of the Standards have been simplified 
and made consistent with current practice._-Henry Kogel, Staff Engineer 
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AMERICAN STANDARD 


ASA 


Reg. US. Pat. Office 


PH22.43-1953 


16mm 3000-Cycle Flutter Test Film a 


(Revision of 222.43-1946) 
“UDC 778.55 


1. Scope and Purpose 


1.1 This specification describes a 3000-cycle 
sound test film for use in determining the 
presence of flutter in 16mm sound motion- 
picture projectors. 


2. Test Film 


2.1 Recording. The test film shall have 
either an originally recorded, direct-play- 
back positive variable-area sound track or an 
originally recorded variable-density sound 
track developed as a toe record. The recorded 
frequency shall be within = 25 cycles of the 
nominal 3000-cycle frequency. The modula- 
tion of the recording shall be 80 + 5%. The 
output level of the film shall be constant 
within + 0.25 db. (This is equivalent to an 
amplitude tolerance of + 0.0015 inch when 
recording variable-area sound track with a 
nominal amplitude of 0.055 inch.) The record- 
ing shall be accomplished in a recorder so 
constructed as to keep the flutter content to 
the absolute minimum consistent with the state 
of the art. The total rms flutter content of the 
film shall be less than 0.1% upon shipment 
by the test film manufacturer. The waveform 
distortion of the recording shall not exceed 
5%. 


2.2 Film Stock. The film stock used for the 
test film shall be cut and perforated in accord- 
ance with the American Standard Cutting 
and Perforating Dimensions for 16-Millimeter 
Sound Motion Picture Negative and Positive 


Raw Stock, Z22.12-1947, or the latest revision 
thereof approved by the American Standards 
Association, Incorporated. 


2.2.1 Resistance to Shrinkage. The film 
stock used for the test film shall have a maxi- 
mum lengthwise shrinkage of 0.50% when 
tested as follows: At least 20 strips of film 
approximately 31 inches in length shall be 
cut for measurement of shrinkage. After 
normal development and drying (not over 
+ 80 F (+ 26.7 C)), the strips shall be 
placed at least % inch apart in racks and 
kept for 7 days in an oven maintained at 

120 F (+ 49 C) and a relative humidity of 
20%. The strips shall then be removed, recon- 
ditioned thoroughly to 50% relative humidity 
ot + 70 F (+ 21.1 C), and the shrinkage 
measured by a suitable method. The percent 
shrinkage shall then be calculated on the 
basis of deviation from the nominal dimension 
for the length of 100 consecutive perforation 
intervals given in American Standard Z22.12- 
1947, or the latest revision thereof. 


2.3 Standard Length of Film. The stand- 
ard length of the flutter test film stall be 
380 ft. 


2.4 Leader and Trailer. Each test film 
shall be furnished with a suitable leader, title 
and trailer. 


Note: A test film in accordence with this standard 
is available from the Society of Motion Picture and 
Television Engineers. 


*Universal Decimal Classification 


Approved October 26, 1953, by the American Standards Association, Incorporated 
Sponsor: Society of Motion Picture and Television Engineers 


Printed in U.S.A 
ASAMMIOSS 


Copyright 1953 by the American Standanis Ascociation, Incorporated Price, 25 Cents 
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AMERICAN STANDARD 


16mm Multifrequency Test Film 


ASA 


Reg. US. Pat. Ofice 
PH22.44-1953 


(Revision of 722.44-1946) 
*UDC 778.55 


1. Scope and Purpose 
1.1 This standard describes a muitifrequency 
sound test film used for testing and adjusting 
the sound systems of 16mm sound motion- 
picture projection equipment. The test fre- 
quencies on this film are adequate for nor- 
mal field and general laboratory use. 


2. Test Film 
2.1 Frequencies. The test film shall con- 
tain the following series of frequencies, each 
preceded by spoken announcement recorded 
at approximately 10 db below full modula- 
tion: 
Tone Tone 
Frequency, Footage, Frequency, Footage, 
_cycles _feet _cycles feet 
12 2000 
3000 
4000 
5000 
6000 
7000 
400 
2.1.1 Frequency Tolerance. The fre- 
quency tolerance of the recorded signals 
shall be + 2% of the nominal frequency of 
each portion of the test track. 
2.2 Recording. The test film shall be an 
originally recorded, splice-free, direct play- 
back, positive variable-area sound track, re- 
corded so that the modulated light is substan- 
tially constant when the film is reproduced 
with a scanning beam of negligible width. 
Modulation of the recording shall be 95 = 
5% at 7000 cycles. The level within any one 
frequency of each reel shall be constant to 
within -- 0.5 db. The recording shall be ac- 
complished on a recorder so constructed as 
to keep the flutter content of the film to the 
absolute minimum consistent with the state of 
the art. The distortion of the recorded wave, 
up to a frequency of 3000 cycles, shall not 
exceed 5%. 
2.3 Film Stock. The film stock used for the 
test film shall be cut and perforated in accord- 


ance with the American Standard Cutting 
and Perforating Dimensions for 16-Millimeter 
Sound Motion Picture Negative and Positive 
Raw Stock, Z22.12-1947, or the latest revi- 
sion thereof approved by the American 
Standards Association, Incorporated. 
2.3.1 Resistance to Shrinkage. The film 
stock used for the test film shall have a maxi- 
mum lengthwise shrinkage of 0.50% when 
tested as follows: At least 20 strips of film 
approximately 31 inches in length shall be 
cut for measurement of shrinkage. After 
normal development and drying (not over 
+ 80 F (+ 26.7 C)), the strips shall be 
placed at least 4 inch apart in racks and 
kept for 7 days in an oven maintained at 
120 F (-+- 49 C) and a relative humidity of 
20%. The strips shall then be removed, recon- 
ditioned thoroughly to 50% relative humidity 
at + 70 F (+ 21.1 C), and the shrinkage 
measured by a suitable method. The percent 
shrinkage shall then be calculated on the 
basis of deviation from the nominal dimen- 
sion for the length of 100 consecutive per- 
foration intervals given in American Standard 
Z22.12-1947, or the latest revision thereof. 
2.4 Film Identification. Each test film 
shall be provided with a suitable leader, title 
and trailer, and shall be accompanied by a 
calibration of the level of the frequency re- 
cordings. 
2.4.1 Calibration. The calibration shall 
be in terms of light modulation at the photo- 
cell with a scanning beam of negligible width, 
and shall be correct to within =+ 0.25 db up 
to and including 3000 cycles, and within + 
0.5 db above 3000 cycles up to and including 
7000 cycles. The correction for each fre- 
quency shall be so stated that it will give the 
true level when the correction is added alge- 
braically to the output level measured using 
the film. 
Note: A test film in accordance with this standard 
is available from the Society of Motion Picture and 
Television Engineers. 


*Universal Decumal Classification 


Approved October 26, 1953, by the American Standards Association, Incorporated 
Sponsor: Society of Motion Picture and Television Engineers 


Printed in USA 
ASAMMI1053 


an Standards Association. Incorporated 


Price, 25 Cents 


Copyright 1953 by the Ameri 
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75th Convention Plans 


Nearly two years ago the Board of Governors appointed a special committee under John 
G. Frayne, to make the 75th a special milestone convention. ‘The first meeting of this 
committee was held during the Chicago Convention; subsequent meetings and correspond- 
ence have enabled Chairman Frayne to submit for the forthcoming Washington Conven- 
tion the following roster of papers which will consider the developments of facets of the 
industry and will also be basic and tutorial in nature: 


**Black-and-White Cinematography” C. BE. K. Mees, Eastman Kodak Co. 

“Color Cinematography” — Gerald F. Rackett, Columbia Pictures Corp. 

“Sound” hk. W. Kellogg, RCA Victor Div. (Ret. ) 

‘Professional 35mm Camera’ C. E. Phillimore, Bell & Howell 

“16mm Projector and Camera’ — M. G. Townsley, Bell & Howell 

“Evolution of Motion-Picture ‘Techniques’ —— James Card, Eastman House 

**Motion-Picture Lighting” Charles Handley, National Carbon Co. 

35mm Projector” K. Mathews, Los Angeles County Museum; and Willy Borberg, 
General Precision Laboratory 

**Mechanical ‘Velevision” J. V. L. Hogan, Consultant 

“Electronic Velevision” A. G. Jensen, Bell Telephone Laboratories 

‘The Motion-Picture Laboratory” John I. Crabtree, Eastman Kodak Co. 

“The Evolution of Motion-Picture Theaters’? — Ben Schlanger, Theater Consultant 


There will be a few additions to this list —— but generally this is the frame of the 75th 
Program. 

The papers listed above will be substantial papers of about an hour’s length. ‘To these 
will be added briefer papers about current developments in the industry. These papers 
are now being sought and arranged by the Papers Committee listed below. If you have a 
prospective paper or know about one, bring it to the attention of the Committee member 


nearest you. 


W. H. Rivers, Chatrman, Eastman Kodak Co., 342 Madison Ave., New York 17, N. Y. 

Joseph E.. Aiken, Program Charman, 116 N. Galveston St., Arlington 8, Va. 

Skipwith W. Athey, Vice-Chairman, General Precision Laboratory, 16 South Moger Ave., 
Mt. Kisco, N. Y. 

C. bk. Heppberger, Vice-Chairman, 231 N. Mill St., Naperville, III. 

G. G. Graham, Vice-Chairman, National Film Board of Canada, John St., Ottawa, Canada 

Ralph BE. Lovell, Vice-Chairman, National Broadcasting Co., Sunset and Vine, Hollywood 
28, Calif. 

John H. Waddell, Vice-Chairman, Wollensak Optical Co., 850 Hudson Ave., Rochester 21, 


Merle H. Chamberlin, Metro-Goldwyn- 
Mayer Studios, 10202 Washington 
Blvd., Culver City, Calif. 

P. M. Cowett, Dept. of the Navy, Bureau 
of Ships, Washington 25, D.C. 

E. W. D’Arcy, De Vry Corp., 1111 W. 

Armitage Ave., Chicago 14, Il. 


Papers Committee Members 


James A. Anderson, Alexander Film Co., 
Alexander Film Bldg., Colorado 
Springs, Colo. 

Mark Armistead, 1041 N. Formosa Ave., 
Hollywood 46, Calif. 

D. Max Beard, Naval Ordnance Labora- 
tory, White Oak, Silver Spring, Mad. W. H. Deacy, Jr... 231 E. 6 pe. New York 


Edward E. Bickel, Simpson Optical Manu- 21, N.Y. 
facturing Co., 3208 W. Carroll Ave., W.- P. Dutton, 732 N. Edison St., Arling- 


Chicago 24, Ll. ton 3, Va. 

Richard Blount, General Electric Co., Nela Barry T. Eddy, 10569 Selkirk Lane, Los , 
Park, Cleveland, Ohio Angeles, Calif. 

Rk. P. Burns, Balaban & Katz, Great States Carlos H. Elmer, 410B Forrestal St., China 


Theaters, 177 N. State St., Chicago 1 Lake, Calif 
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Karl Freund, 15024 Devonshire St., San 
Fernando, Calif. 

Jack R. Glass, 10858 Wagner St., Culver 
City, Calif. 

R. N. Harmon, Westinghouse Radio Sta- 
tions, Inc., 1625 K St., N.W., Wash- 
ington, D.C. 

Scott Helt, Allen B. Du Mont Laboratories, 
Inc., 2 Main Ave., Passaic, N.J. 

S. Eric Howse, 2000 West Mountain St., 
Glendale 1, Calif. 

l.. Hughes, Hughes Sound Films, 1200 
Grant St., Denver, Colo. 

P. A. Jacobsen, Campus Studios, 100 
Meany Hall, University of Washing- 
ton, Seattle, Wash. 

William Kelley, Motion Picture Research 
Council, 1421 N. Western Ave., Holly- 
wood 27, Calif. 

George Lewin, Signal Corps Pictorial 
Center, 25-11—35 St., Long Island 
City 1, N.Y. 

Glenn E. Matthews, Research Laboratory, 
Eastman Kodak Co., Rochester 10, 
N.Y. 

Pierre Mertz, Bell ‘Telephone Laboratories, 

Inc., 463 West St., New York 14. 


74th Semiannual Convention 


Harry Milholland, Du Mont TEV Network, 
Station WABD, 515 Madison Ave., 
New York 22. 

W. J. Morlock, General Electric Co., Elec- 
tronics Park, Syracuse, N.Y. 

Herbert W. Pangborn, 6512 Orion St., 
Van Nuys, Calif. 

Bernard D. Plakun, General Precision Lab- 
oratory, Inc., 63 Bedford Rd., Pleas- 
antville, N.Y. 

Carl N. Shipman, 9544 Burma Rd., Rivera, 
Calif. 

S. P. Solow, Consolidated Film Industries, 
Inc., 959 Seward St., Hollywood 38, 
Calif. 

J. G. Stott, Du-Art Film Laboratories, 245 
W. 55 St., New York 19. 

W. L. ‘Tesch, Radio Corporation of Amer- 
ica, RCA Victor Div., Front & Cooper 
Sts., Camden, N.J. 

Lloyd Thompson, The Calvin Co., 1105 
Truman Rd., Kansas City 6, Mo. 

M. G. Townsley, Bell & Howell Co., 7100 
McCormick Rd., Chicago 45, Il. 
Allan L. Wolff, Westrex Corp., 6601 Ro- 
maine St., Hollywood 38, Calif. 

Roy L. Wolford, 3434 W. 110th St., Ingle- 
wood 2, Calif. 


The Society’s Fall Convention was held at 
the Statler Hotel, New York, during the 
week October 5-9. Registration was 632, 
of which 90 were ladies’ registrations. 

The following, in addition to respective 
officers of the Society, were responsible for 
Convention arrangements: 


Program, Skipwith W. Athey 

Papers, W. H. Rivers, Joseph E. Aiken, 
Geo. W. Colburn, G. G. Graham, 
Charles Jantzen, Ralph E. Lovell and 
John H. Waddell 

Local Arrangements, W. H. Offenhauser, 
Jr., R. C. Holslag and S. L. Silverman 

Hotel Reservations and ‘Transportation, 
L. E. Jones 

Hospitality, Marie Douglass 

Luncheon and Banquet, Emerson Yorke, 
J. B. McCullough and J. G. Stott 

Membership and Subscriptions, A. R. 
Gallo 

Motion Pictures, V. J. Gilcher 

Projection, William Hecht and Charles 
Muller 


Public Address, George Costello and Domi- 
nick Lopez 

Publicity, Leonard Bidwell 

Registration, J. C. Naughton 

Ladies Program, Mrs. Emerson Yorke and 
Mrs. Herbert Barnett 


The motion-picture shorts shown at the 
beginning of the various sessions included: 


Marciano-La Starza Fight, Republic Pictures 

SMPTE Roundup, Emerson Yorke Studio 

Let’s Ask Nostradamus, M-G-M 

Illusions Unlimited, National Broadcasting 
Company 

Excerpts from foreign-language training 
films, Signal Corps Pictorial Center 

TV of Tomorrow, M-G-M 

Little League World Series, Emerson Yorke 
Studio 

Hurricane Hunters, Paramount 

The Nature of Polarized Light, Polaroid Corp. 

A is for Atom, General Electric Company 

Madeline, Columbia 


A complete listing of the sessions and 
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papers will be published in the December 
Journal. Attendance during technical ses- 
sions generally ranged from 85 to 110, with 
one special high ef 255 during the Thurs- 


day Evening 3-ID) Equipment Session. 


As principal speaker at the Get-Together 
Luncheon, Henry J. ‘Taylor, radio commen- 
tator, gave a survey of international politi- 
President Barnett, in 
his address, spoke as follows: 


cal developments. 


Get-Together Luncheon Remarks by President Barnett 


Twice each year for the past 37 
years, members of the Society and leaders 
from every branch of our allied industries 
have met in a national convention that has 
grown in size from eleven men to the vast 
registration of the last two conventions. 
With size has come strength, importance 
and responsibilities. Each convention has 
advanced the theory and practice of engi- 
neering motion pictures, high-speed 
photography, and more recently in tele- 
vision, and the related arts and sciences. 
‘The practical missions of our conven- 
tions are not accomplished by passive at- 
tendance. You will not fulfill your duty to 
yourself, your company, and to our indus- 
tries solely by listening to informative dis- 
You 
must be more than a mental sponge absorb- 
This is a market 


place where the costly lessons of research 


cussions by authorities in your fields. 
ing technical knowledge 
and experience can be acquired for the 


‘This is a meeting 
minds that know and minds that 


price of asking questions. 
of minds 
This is a get-together of 
productive people with ideas and imagina- 


want to know. 


tion and an insatiable curiosity about the 
things they suspect lie beyond the horizon. 

“In addition to technical benefit to be 
derived, there are other rewards for your 
participation in the common cause of a 
better product. 


one of you to use this opportunity to 


The Society expects each 


strengthen the bonds within the industry. 
[his is the time to renew old acquaintances ; 
to turn business associates from other parts 
of the country into friends; the chance to 
meet the men whose names until now were 
bylines in technical journals. 

“In all of these ways you will contribute 
to the strength and the progress of the 
motion picture and the television industries. 
And when the last session ends on Friday, 
you will leave here enriched in mind and 
spirit with the knowledge that our engi- 
neers have the ability and will to contribute 
their share in keeping the film industry a 
vital, dynamic part of the American econ- 
omy. 
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above all others 
which you should learn this week. You are 
working alone. Right behind you, 


ready to help you over the big obstacles, 


‘There is one lesson 


never 


ready to share with you their hard-earned 
knowledge, are nearly 5,000 engineers and 
scientists who voluntarily work together as 
the Society of Motion Picture and ‘Televi- 
Available to you in the 
Journal and other publications is the most 


sion Engineers. 


comprehensive source of motion-picture 
technical information in the world, as well 
as for certain aspects of television. The 
potential value of this knowledge to our 
related industries depends upon the use you 
make of it and to the degree you contribute 
to it in recording new discoveries. 

“We are now in the most competitive 
motion known. 
of the 


tragic, especially to the small independent 


era the picture has ever 


Losses past few years have been 


exhibitor. Aside from the personal mis- 
fortunes this has brought, it is serious to the 
We fully realize the 
small contribution made by community 


industry as a whole. 


theaters to the total gross boxoffice of any 
production. There is, on the other hand, a 
much greater service these houses perform 
in shaping the movie-going habits of the 
American This, I think, is a 
challenging most 


audience. 
problem deserving of 
serious consideration. 

“Out of the adversities of the past has 
come a reawakening which shows promise 
of restoring motion pictures to an important 
economic position. This is particularly 
gratifying to our Society in that the indus- 
try has seen the value in drawing on the 
technical resources long waiting to be used. 
We are doubly grateful that these resources 
Whether or not any of 
these, or all, may show the way back, we 
know that it is unwise to lapse again into a 
feeling of false security. As important as 
the techniques may be which have been 
introduced over the past year, no industry 
on earth is rich enough to waste them on 
selling otherwise unsalable merchandise. 
Furthermore, the industry cannot expect 


were available. 
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these devices to carry them forever. Our 
long range salvation depends on how well 
we have learned from the past few years 
and to the degree we apply every segment 
of the industry to a most thorough study 
of its needs and responsibilities to the paying 
audience. 

“The engineer has today an excellent 
opportunity to contribute worthwhile ad- 
vances to a receptive industry. I am sure 
yéu are prepared to meet this challenge.”’ 


For the first time since the 68th Conven- 
tion at Lake Placid, an evening session was 
given over to the presentation of awards. 
The record of the citations will be given in 
the December Journal. 


Book Review 


The Ladies Program included a visit to 
the U.N. Headquarters, a special showing 
of old-time motion pictures at the Museum 
of Modern Art, and attendance at a per- 
formance of The Robe. 

There were 13 meetings of the various 
Engineering Committees held during the 
course of the Convention. Results of such 
meetings are published from time to time 
in the Journal as reports by committee 
chairmen and in the Engineering Activities 
column. At the Papers-Editorial meeting 
there was detailed discussion about ways to 
get papers best published in the Journal and 
about Papers Committee operation for the 
75th Convention. The latter subject is 
covered in a separate story in this Journal. 


The Theory of Stereoscopic 
Transmission and Its Application 
to the Motion Picture 


By Raymond Spottiswoode and Nigel 
Spottiswoode. Published (1953) by The 
University of California Press, Berkeley 4, 
Calif. 200 pp. 32 illus. + 6 pp. 3-D illus. 
6X 9in. $6.00. 

This volume is the first full-scale treat- 
ment of the problems of stereoscopic trans- 
mission. On this score alone it is a great 
contribution to the art which should be 
required reading for the technicians of those 
producers who have been willing to film 
and exhibit stereoscopically inferior pic- 
tures — which, to date, means substantially 
all of them. 

In order to cast the volume in its proper 
light, it is necessary to examine its basic 
philosophy. It tacitly assumes that if two 
retinal images are produced in the eyes of 
the observer which exactly reproduce those 
that would have been received from the 
original scene, the observer will then inter- 
pret them in exactly the same manner. 
Since the authors are well aware that such 
reproduction is not completely possible, 
their procedure is to develop the mathe- 
matics of this ideal supposition, analyzing 
the effects of inevitable departures along 
the way. The result is a highly formulated 
mathematical treatment. 

The attack is analytical and equational 
rather than geometric. Of course the 


equations are derived from the geometry 
of the situation, but the conclusions are in 
general extracted from the equations 
rather than from geometric figures as in 
many instances they might well have been. 
Though the procedure renders the results 
more rigorous, it is somewhat unfortunate 
for the general reader who usually is not 
in the habit of tracing through mathemat- 
ical formulae but can quite readily follow 
geometric figures because of their greater 
recognizable visual content. On_ this 
score the reader will do well to be constantly 
aware of the stereoscopic diagrams in 
anaglyph form enclosed in the back cover. 
One could have wished, however, for a 
more liberal use of explanatory figures. 

I also find the derivations unnecessarily 
long, causing the reader to become too 
immersed in detail. Each derivation need 
not have been carried through every step. 
For instance, on p. 24, seven equations are 
given in order to obtain an equation giving 
the distance from the observer to the stereo- 
scopic image point. Since the mathe- 
matics is a simple similar triangle manipu- 
lation, it would seem to me to have been a 
better procedure simply to state that “from 
fig. 4 by the use of similar triangles the 
following equation can be derived,” giving 
only the end result. Such a consistent 
reduction of the mathematical manipula- 
tions throughout the book would have freed 
the reader to pay more attention to the 
important results, 
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Though the authors do an excellent 
job of calling attention to the limitations of 
the mathematical approach, I find my own 
misgivings far exceed theirs. They slip 
occasionally into translating stereoscopic 
image formation into spectator interpreta- 
tion as though the latter inevitably fol- 
lowed. For instance, on p. 34 in discussing 
the separation of infinity points on the screen 
the following statement appears: ‘(2) B 
zero-N will be zero. Thus points origi- 
nally at infinity will appear to the spectator 
at infinity.””. This implicitly assumes that 
the spectator interprets what he sees as he 
should. A more careful statement would 
have been “ . Thus points originally 
at infinity will be viewed with eye axes 
parallel.” 

Certainly their treatment is basic and 
necessary, but the variables are numerous 
and the psychological factors of such great 
importance that I feel that the ideal stereo- 
scopic motion picture will only be arrived 
at through empirical study of audience 
reactions to controlled alteration of the 
variables. ‘Thus it is well to know how to 
produce a stereoscopic image which is 
theoretically ortho-stereoscopic for a single, 
centrally located viewer, but such an image 
in the long run is in itself of no importance. 
Ultimately we are not interested in reality 
but in the artistic and aesthetic effect of 
stereoscopic image patterns on audiences. 
We are interested in producing a piece of 
sculpture which has a high artistic impact 
rather than in reproducing exact forms 
through technical skill. Thus I doubt 
very seriously that motion-picture pro- 
ducers will ever make great use of the 
mathematical approach, but will depend 
on gradually blocking out in broad terms 
the areas of operation which minimize eye- 
strain and maximize favorable audience 
reaction. ‘This will be achieved by empiri- 
cal experimentation with image shapes. 

On the technical side I feel that the 
authors make too little distinction between 
absolute convergence and relative con- 
vergence. Itseems to me that the evidence 
is that absolute convergence is of very 
little importance — that is, the location of a 
stereoscopic image as a whole, assuming 
the existence of a completely dark theater 
where no external reference points exist 


(an impossibility, of course) does not de- 
However the image 


pend on convergence, 
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is fixed, once it has been fixed, the internal 
location of points depends to a very high 
degree on relative convergence and mathe- 
matics comes into its own. 

The importance of this point becomes 
apparent in considering separations of 
infinity point-pairs greater than the human 
interocular. In earlier papers of my own 
I considered such separations bad practice 
because I assumed that eyestrain would 
result. Recent experiments on this point 
seem to indicate clearly that the eyes can 
diverge through a small angle (which 
amounts to a large one from the stereo- 
scopic viewpoint) without eyestrain. By 
doing so the two retinal images obtained 
from two pictures on the screen with in- 
finity points separated by six inches are 
exactly the same as they would be if the 
pictures were separated by the human 
interocular and the eye axes remained 
parallel. The interpretation of the rela- 
tive positions of internal points will prob- 
ably be the same in both cases, but where 
is the image as a whole in the first case? 
Where is the image as a whole when a 
stereo pair placed side by side in a book 
is fused by divergence without the aid of 
lenses or filters? 

In spite of the fact that theater reference 
points or screen texture are always present, 
the location of images as a whole seems to 
me to depend much more heavily on psy- 
chological factors than do the relationships 
of internal points. 

The above is not meant as a criticism of 
this excellent and much needed volume 
but only as a word of caution on the way. 
We know very, very little about the in- 
terpretive mechanisms of vision. The 
worker in this field should consider this 
volume a real “‘must’’ but should always 
maintain a wholesome, objective doubt 
of all reasoned, calculated results unless 
there is conclusive evidence that they 
have been empirically verified by a number 
of observers. 

Outside of the mathematical passages, 
the writing is unfortunately not as clear or 
precise as it might be. Also, in their 
efforts to cover every phase of stereoscopic 
transmission, the authors often give almost 
equal emphasis to trivia and fundamentals, 
so that a reader could get a discouraging 
impression of the complexity of the subject. 

On a minor key. The alternate-frame 
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camera shown in Fig. 22, p. 105, has an 
error not pointed out by the authors. The 
path of the right-eye picture is longer than 
that of the left eye by a distance of ¢c, 
say 2} in. Thus a similar double-lens 
camera would have one lens 2} in. in back 
of the other—a bad situation for close 
objects. 

Unfortunately the printing is quite 
inferior. ‘The letter separation within a 
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single word is sometimes irregular to the 
point of having the appearance of two 
words. 

The authors are to be congratulated for 
the completeness of the book. They have 
ferreted out many obscure points that have 
never before reached the literature. Cer- 
tainly no one else has approached the field 
with their degree of thoroughness.——J/ohn 
T. Rule, Massachusetts Institute of Tech- 
nology, Cambridge 39, Mass. 
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Drew, Russell O., (M) to (F) 
Elmer, Carlos H., (M) to (F) 
Fogelman, Ted, (A) to (M) 
Gardenhire, Hervey, (A) to (M) 
Gillette, Frank N., (M) to (F) 
Graham, Gerald G., (M) to (F) 
Groves, George R., (A) to (M) 
Hallows, Raymond L., Jr., (S) to (A) 
Halprin, Sol, (M) to (F) 

Lazell, Robert C., (S) to (A) 
Loughren, Arthur V., (M) to (F) 
Lovell, Ralph E., (M) to (F) 
Miller, Arthur J., (M) to (F) 
Mosser, Adrian T., (S) to (A) 
Nuttall, Howard T., (A) to (M) 
Servies, John W., (M) to (F) 
Soltys, Richard J., (S) to (A) 
Spottiswoode, Raymond J., (M) to (F) 
Townsend, Charles L., (M) to (F) 
Veal, T. G., (M) to (F) 
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McInnes, Harold W., 6560 East Hastings St., 
North Burnaby, British Columbia. (A) 

Rodrigues, R. T., Manager, Kodak, Ltd. 
Rua Garrett 33, Libson, Portugal. (M) 
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New Products 


Further information about these items can be obtained direct from the addresses given. As in the 
case of technical papers, the Society is not responsible for manufacturers’ statements, and publica- 
tion of these items does not constitute endorsement of the products. 

This film reader has been 

designed with a 10!/, X 

10 in. screen. It is a port- 

able table model with the 

film carriage located near 

table level to minimize the 

operator’s fatigue. Inter- 

changeable lenses provide 


magnifications of 7!'/, to 


14, with other magnifica- 


tions available by special 
order. There are inter- 
changeable 35 mm = and 
16 mm carriages. 
Special carriages to. suit 
comparator work and 
other applications — are 
available from D-H Instru- 
ment Co., P.O. Box 205, 
Station A, Palo Alto, Calif. 


new series of //1.8 Super-Cinephor 
projection lenses designed to produce 
maximum brightness, contrast and sharp- 
ness, edge-to-edge, on all types of pro- 
fessional motion-picture screens is an- 
nounced by the Bausch & Lomb Optical 
Co., Rochester 4, N.Y. These lenses are 
intended to lessen the problem of resolution 
at the outer margins of the screen and to 
increase the illumination, distributing it 
evenly. 

These new lenses employ five different 
types of glass, two of which are varieties of 
extra dense barium crown glass, recently 
put on a production basis in the Bausch & 
Lomb glass plant. They are said to com- 
bine the optical advantages of both flint 
and older types of crown glass, without 
the disadvantages of either, and are de- 
signed to eliminate color absorption and 
transmit the full color and brightness of the 
image. 


SMPTE Lapel Pins 


The Society has available for mailing its gold and blue enamel lapel pin, with a screw 
back. The pin is a }-in. reproduction of \the Society symbol—the film, sprocket and 
television tube — which appears on the Journal cover. The price of the pin is $4.00, 
including Federal Tax; in New York City, add 3% sales tax. 
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Employment Service 


These notices are published for the service of the membership and the field. They are inserted 
for three months, at no charge to the member. The Society’s address cannot be used for replies. 


Position Available tion and experience to Henry Helbig and 
‘ Associates, Placement Consultants, Exam- 
Technical Photographer, age 27 bed 38, iner Bldg., 3d and Market Sts., San Fran- 
for senior position with large California 
industrial research organization. Should 
be conversant with contemporary tech- 
niques for recording data; peared with Position Wanted 
microscopy, graphic arts and color proc- Engineer, B.M.E.: Creative designs, prod- 
esses. Job involves application of photo- uct improvement. Photographic and elec- 
graphic techniques as experimental tool in tronic-mechanical fields. Cameras (film, 
research projects. Administrative experi- image-orthicon and iconoscope TV cam- 
ence helpful. Excellent career opportunity eras), color film processing, production 
for an ingenious and inventive person. tooling, radar. Simple constructions, pleas- 
Retirement pension and other benefit ing appearance. Special product or pro- 
plans. Application held in strict confi- duction blueprints. Write J. Rafalow, 
dence, Write giving personal data, educa- Selden, N.Y. 


cisco 3, Calif. 


Meetings 


The American Society of Mechanical Engineers, Annual Meeting, Nov. 29 Dec. 4 
Statler Hotel, N.Y. 
Society of Motion Picture and Television Engineers, Central Section Meeting, Dec. 10 
(tentative), Chicago, Il. 
American Institute of Chemical Engineers, Annual Meeting, Dec. 13-16, St. Louis, Mo. 
American Institute of Electrical Engineers, Winter General Meeting, Jan. 18-22, 1954, 
New York 
National Electrical Manufacturers Assn., Mar. 8-11, 1954, Edgewater Beach Hotel, 
Chicago, III. 
Radio Engineering Show and I.R.E. National Convention, Mar. 22-25, 1954, Hotel 
Waldorf Astoria, New York 
Optical Society of America, Mar. 25-27, 1954, New York 

75th Semiannual Convention of the SMPTE, May 3-7, 1954, Hotel Statler, Washington 
American Institute of Electrical Engineers, Summer General Meeting, June 21-25, 1954, 
Los Angeles, Calif. 

Acoustical Society of America, June 22-26, 1954, Hotel Statler, New York 
Photographic Society of America, Annual Meeting, Oct. 5-9, 1954, Drake Hotel, Chicago, 

Il 


76th Semiannual Convention of the SMPTE, Oct. 18 22, 1954 (next year), Ambassador 
Hotel, Los Angeles 


77th Semiannual Convention of the SMPTE, Apr. 17 22, 1955, Drake Hotel, Chicago 


78th Semiannual Convention of the SMPTE, Oct. 3-7, 1955, Lake Placid Club, Essex 
County, N.Y. 


SMPTE Officers and Committees: The roster of Society Officers and the 
Committee Chairmen and Members were published in the April Journal. 


, 
, 
F 666 


Seciety of Motion Picture and Television Engineers 


40 West Srreet, New Yore 18, N. Y., Ter. LOncacrz 5-0172 
Boyce Nemec, Executive Secretary 


President 

Hersert Barnett, 10 East 52d St., New York 22, N. Y. 
Executive Vice-President 

Joun G. Frayrne, 6601 Romaine St., Hollywood 38, Calif. 
Past-President 

Peter More, 941 N. Sycamore Ave., Hollywood 38, Calif. 
Editorial Vice-President 

N. L. Snavons, 6706 Santa Monica Blvd., Hollywood 38, Calif. 
Convention Vice-President 

Joun W. Servis, 92 Gold St., New York 38, N. Y. 


Epwarp S. Sez.ey, 161 Sixth Ave., New York 13, N. Y. 
Engineering Vice-President 

Henry J. Hoop, 343 State St., Rochester 4, N. Y. 
Financial Vice-President 

Franx E. Cant, Jn., 321 W. 44 St., New York 18, N. Y. 
Treasurer 

Barton Krevzex, RCA Victor Div., Bldg. 15, Camden, N. J. 
J. E. Amen, 116 N. Galveston St., Arlington 3, Va. 
F. G. Atm, 241 So, Wetherly Dr., Beverly Hills, Calif. 
Geo. W. Corsurn, 164 N. Wacker Dr., Chicago 6, Ill. 
E. W. D’Arcy, 7045 No. Osceola Ave., Chicago, Ili. 
J. K. Hmxiarp, 2237 Mandeville Canyon Rd., Los Angeles 24, Calif. 
A. G. Jansen, Bell Telephone Labs., Inc., Murray Hill, N. J. 
C. E. Heppseroer, 231 N. Mill, Naperville, Ill. 
Wuuiam H. Orrennauser, Jn., River St. and Charles Pl., New Canaan, 

Conn. 
Vauoun C, Suaner, 6706 Santa Monica Bivd., Hollywood, Calif. 
F. E. Cartson, General Electric Co., Nela Park, Cleveland 1, Ohio 
Gorpon A. Cuamsens, 343 State St., Rochester 4, N. Y. 
L. M. Dearme, Drawer 791, Hollywood 28, Calif. 
A. 4000 W. Olive Ave., Burbank, Calif. 
Cuaries L. Townsenp, 49 Hillcrest Dr., Dumont, N. J. 
G. Townsiey, 7100 McCormick P.d., Chicago 45, Ill. 
Chairman 

Artruur C. Downes, 2161 Niagara Dr., Lakewood 7, Ohio 


ADS 


OFFICERS 
1953-1954 
Secretary 
1952-1953 
GOVERNORS 
1952-1953 
1953 
1953-1954 
BOARD OF 
y EDITORS 
D. Max Bearp A. M. A. Noruine 
G. M. Besr C. W. Hanniey W. Panosonn 
G, R. Crane A. C. Harpy D. PLaxun 
H. E. Eporrvon C, R. Kerrn T. Van Nowan 
C. H. Ermer G. E. Matrruews H. 
C. R. Forpyce Prerare Mertz R. Wurre 
L. D. Grionon Cc. D. W. Wvcxorr ( 


Bell & Howell Company 


Bijou Amusement Company 
Buensod-Stacey, Inc. 


Cinema-Tirage L. Maurice 

Geo. W. Colburn Laboratory, Inc. 

Color Corporation of America 

Consolidated Film Industries 

Deluxe Laboratories, Inc. 

De Vry Corporation 

Du-Art Film Laboratories, Inc. 

E. |. du Pont de Nemours & Co., inc. 

Eastman Kodak Company 

Max Factor, Inc. 

Federal Manufacturing and Engi- 
neering Corp. 

Fordel Film Laboratories 

General Electric Company 


General Precision Equipment Corp. 


The Jam Handy Organization, Inc. 
Kolimorgen Optical Corporation 
Lorraine Carbons 

March of Time 

J. A. Maurer, Inc. 

Mecca Film Laboratories, Inc. 


National Carbon Company 
A Division of Union Carbide and Carbon 
Corporation 


National Cine Equipment, inc. 
National Screen Service Corporation 
National Theaters Amusement Co., | 


Inc. 
Neighborhood Theatre, Inc. 
Neumade Products Corp. 
Northwest Sound Service, Inc. 
Polaroid Corporation 
Producers Service Co. 
Projection Optics Company, Inc. 
Radiant Manufacturing Corporation 
Radio Corporation of America, RCA 
Victor Division 
Reid H. Ray Film Industries, Inc. 
Raytone Screen Corp. 
Reeves Sound Studios, Inc. 
$.0.S. Cinema Supply Corp. 
SRT Television Studios 
Shelly Films Limited (Canada) 
The Stancil-Hoffman Corporation 
Technicolor Motion Picture Corpora- 
tion 
Terrytoons, Inc. 
Theatre Holding Corporation 
Titra Film Laboratories, Inc. 
United Amusement Corp., Ltd. 
Wenzel Projector Company 
Westinghouse Electric Corporation 
Westrex Corporation 
Wilding Picture Productions, Inc. 
Wollensak Optical Company 


Sustaining Members Bi 
Alexander Film Co. Mitchell Camera Corporation : 
| Altec Companies Mole-Richardson Co. 4 
Ansco Motiograph, Inc. 
| C. S. Ashcraft Mfg. Co. Motion Picture Association of Amer- o 
Audio Productions, inc. ica, Inc. i 
Bausch & Lomb Optical Co. Allied Artists Productions, inc. , - 
Columbla Pitures Corporation 
Loew's Ine. 
— 
Republic Pictures Corp. 
Burnett-Timken Research Laboratory RKO Radio Pictures, Inc. Bi 
Byron, Inc. Century-Fox Film Care. 
The Calvin Company Warner Bros. Pictures, inc. 
Century Projector Corporation 
Cineffects, Inc. Movielab Film Laboratories, Inc. 
Ampro Corporation 
General Precision Laboratory, 
The Hertner Electric Company es 
International Projector Corporation 
J. E. McAuley Mfg. Co. 
W. J. German, Inc. 
: Guffanti Film Laboratories, Inc. 
Hunt’s Theatres 
Hurley Screen Company, Inc. a 
; 
¢ 


